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1 . 0 SUMMARY 


The capability of the NASA-Lewis-sponsored Blade Loss Turbine Engine 
Transient Response Analysis (TETRA) computer program has been enhanced in two 
ways. These are: (1) development of a flexible bladed-disk module, its 

incorporation in TETRA and its installation in the NASA-Lewis computer, and 
(2) preparation of a structural model of the General Electric Engine for 
TETRA analysis. 

The flexible bladed-disk (FBD) module was developed for the nonequiiib- 
rated one-diameter bladed-disk mode. The FBD motion is considered as a sum of 
two standing waves constrained (but not rotating) to the rotor. The FBD is 
coupled inertially and gyroscopical ly to its rotor support and indirectly 
through connecting elements, to the adjacent rotor and/or other supporting 
structures. Incorporated in the basic TETRA, the FBD module is demonstrated 
with a two-rotor model where the FBD is on one rotor. Results of the program 
demonstrate that the FBD can be excited into resonance by an unbalance in the 
adjacent rotor and at a frequency equal to the differential rotor speeds. 

The FBD module allows two f lexible-bladed disks in only one rotor. Tran- 
sient FBD stres.es and deflections are calculated from the normal mode input 
and the dynamic FBD generalized coordinates. 

The principal object of the E^ engine structural modeling activity was to 
provide an engine structural model which can be used to exercise the TETRA 
program for engine transient response under unbalance. This investigational 
effort would explore the range of capabilities of the TETRA computer program 
as well as define its limitations. From these results, systematic criteria 
for the optimum modeling and analysis of turbine engine dynamics response can 
be established. 

Hence the essential task was to provide the following items: 

1. An structural schematic diagram including descriptions of inter- 
connections, rotors, casing, and boundary conditions. 

2. A breakdown of the entire engine structure into three major sub- 
systems: high pressure rotor, low pressure rotor, and casing, 

including the interconnections. 

3. The results of modal analysis of each of the three major components: 
modal frequencies, modal potential or kinetic energies, and modal 
displacements and slopes in vertical and horizontal planes. These 
range from the rigid body modes to about 20 times the low rotor 
maximum speed. 

4. Spring and damping rates of interconnecting elements and suggested 
modal damping factors. 
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The NASA blade loss addenda are divided into two main tasks. The lirst 
is the FBD module analytical development and overall project coordination, 
done by V. Gallardo, Principal Investigator. The computer programming and 
embeddment of the FBD module in TETRA were made by G, Black, while L. Bach and 
J. Juenger made the demonstrator model analyses. The structural modeling 
was done by S. Cline and A. Storace. M.J. Stallone provided technical guidance 
as Technical Program Manager and J. McKenzie, the Program Manager, was respon- 
sible for NASA-GE interface communications on this project. 

Finally, the assistance of the following NASA-Lewis personnel, Ming Tang 
and Paul Manos, were especially helpful in the installation and checkout of 
the FBD-TETRA computer program in the NASA CRAY computer. Encouragement of 
Gerald Brown, Project Manager, is appreciated, especially in discussions about 
possible examples of one-diameter bladed disk modes in NASA experience. 
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2.0 INTRODUCTION - FLEXIBLE BLADED DISK 


The recently completed Turbine Engine Transient Response Analysis (TETRA) 
computer program, developed under Task II of the NASA Blade Loss Program 
(Reference 1), fills a much needed gap in the evaluation of engine structural 
response at high unbalance. Being a new program, the scope of its capabilities 
needed to be explored by applying it extensively to a complex turbine engine. 

It was also desirable to add a feature that allows the analysis of the transient 
response of a flexible bladed disk (FBD) on a rotor. 

From past experience it is known that the rotor response is influenced 
by the elasticity of a bladed disk, and that a bladed-disk mode can be excited 
by difference speeds in two-rotor systems wherein one rotor is unbalanced. 

This is especially true for the one-diameter flexible bladed-disk mode. 

Stresses developed in the disk at resonance can be sufficient to result in 
fatigue failure. 

The mechanism for excitation for a bladed disk in one rotor by an 
unbalance in the other rotor is not obvious because the unbalance force does 
not act directly on the disk. The unbalance force also acts in a radial 
plane, whereas the bladed-disk mode is essentially an axial motion. The 
physical explanation is in the induced axial motion of the disk produced 
by the bending slope of the rotor on which it is attached. Hence, the disk 
loading is both inertial snd gyroscopic and greatly dependent on the flexi- 
bilities of both the rotors and their bearings. The unequal rotational 
speeds of v he rotors result in excitation frequencies of the sum and differ- 
ence of the two speeds. 

The flexible bladed-disk mode normally encountered is the one-diameter 
variety which is a nonequi 1 ibriated mode; that is, there is a resultant 
unbalanced or nonequilibriated moment and transverse shear on the disk which 
must be supported by the rotor. Other flexible d sk modes of two or more 
diameters are all "balanced” so that they would not be of interest here. 

However, they may be pertinent in rotor-bladed-disk aeromechanical-whir 1 
problems . 

To take advantage of the flexibility of the TETRA computer program, the 
FBD has been treated as a module that is embedded in TETRA. This approach 
allows just the addition of the necessary FBD inputs to the basic rotor model 
to be able to calculate the transient response of the FBD and the rest of the 
engine structure. 

A Lagrangian formulation was employed to obtain the equations governing 
the FBD module dynamics as well as its interactions with the rotor on which the 
FBD is a part. The complex it ites that arise from the rotation and the one- 
diameter mode of the FBD with its coupling with the rotor, are minimized in 
this approach, and renders the formulation so much more rational and straight- 
forward . 
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The following sections give details of the mathematical formulation of 
the FBD, its application to a demonstrator model, and the embedded FBD module 
in the TETRA computer program. Included are the requisite FBD input/output 
and definitions of variables pertinent to the flexible bladed disk. 
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3 . 0 ANALYTICAL DEVELOPMENT 


3.1 TECHNICAL APPROACH TO THE FLEXIBLE BLAMED DISK 


The flexible bladed disk (FBD) is considered as an engine subsysten or 
component, much like the rotor or casing. Because of the orientation of 
the disk, a blade disk degree-of-freedom in the axial direction is defined. 

In addition, the modes of the FBD are treated as constrained modes supported 
directly on the rotor. The FBD one-diameter modes are the classic standing 
wave solutions. One corresponds to a horizontal node line and the ''"her to a 
vertical node line. Points on the FBD undergo these standing wave iMpiace- 
ments at each rotation. 

The mathematical model of the FBD module is determined usii;g the mod«.\ 
synthesis method in conjunction with the Lagrangian or variational formulation 
described in Task II. Briefly, the position vector of a point cu the FBD is 
established from geometry and kinematical considerations. The votor bending 
slope as well as its translation induce axial and radial motions of the disk. 

No external force as such is developed; however gyroscopic and translational 
as well as axial accelerations are developed which produce internal or cou- 
pling forces and moments on the disk, which are of the first order. The FBD 
potential energy is given as the sum of its modal energies with this addition: 
the centrifugal stiffening is added to the modal energies as function of rotor 
speed (which permits consideration of the effect of rotor speed on the FBD 
system frequencies). 

Consideration of the FBD modes as constrained modes yields coupling 
coefficients (between generalized coordinates) having acceleration terras. 

This means that unlike the current TETRA system where the global mass matrix 
is diagonal, the use of constrained modes results in a nondiagonal mass 
matrix, at least for the generalized coordinates that are coupled. This 
is rot a difficulty since this requires only a one-time inversion of the 
mass matrix of the affected generalized coordinates and subsequently using it 
to multiply the rest of the coupling coefficient matrices once. The result is 
a set of equations whose form is similar to that in the current TETRA. 

The solution scheme is identical to the present version. Of course, 
additional inputs as well as outputs are required with the FBD. 

A major portion of the additional inputs are the FBD modal data. These 
must be provided from a source external to this contract. In the FBD module, 
the required modal data are entered by hand into an input fiL for the compu- 
ter program. Additional outputs include transient FBD deflections and selected 
components of FBD stresses. 

Because of the structural complexity of a rotor with a flexible bladed 
disk, the means for checking the mathematical modeling could be awesome. 

Kather than solely depending on the interpretation of numerical output of the 
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transient solution, which is difficult in itself, some basis in the correct- 
ness of the formulation is established by considering reductions to degenerate 
cases with known solutions. This was done wiTh the decoupled equations of the 
FBD and those of its center of gravity. The equations of the FBD a’one (with- 
out rigid properties) as well as those of its center of gravity (rigid proper- 
ties only and corresponds to the rotor) were examined and their characteristic 
or frequency equations solved in closed form. The earlier solutions of the 
cross axis coupled rotor, and the backward and forward traveling wave solu- 
tions of the FBD were obtained; from this, one can infer that the basic 
formulation of the FBD module is realistic and logical. In addition to this 
the FBD-TETRA is applied to a demonstrator me 'el, both to demonstrate its 
practicality and illustrate its usage. 


3.2 AN OVERVIEW OF THE FBD AND THE ENTIRE ENGINE STRUCTURE 


The essential differences between the original TETRA and the present 
version with the FBD module as well as the way the FBD fits in the general 
scheme may be viewed from the complete system of equations of the entire 
engine structure. Using the variational or Lagrangian formulation, the 
complete set of equations may be written formally as: 


M 




where: 


Y j -K ij Y j ■ C ij Y j + F i 

Mjj - Mass Matrix: Symmetric but can be full 

Ky = Generalized Stiffness Matrix which can contain 
coupling between subsystems or modes 


( 1 ) 


the elastic 


C £ j * Generalized Damping or Velocity Matrix which contains damping, 

gyroscopic and other velocity coefficients 

F £ = i^* 1 Gener ir.ed External Force 

- 1, 2, 3, N 

Y£ - i t* 1 Generalized Coordinate. 


In the original TETRA, the mass matrix is diagonal so that each equation 
can be solved directly for the generalized acceleration in terms of displace- 
ments, velocities and external forces. However with the FBD constrained to a 
rotor, the generalized accelerations of the rotor (in two planes) and the 
FBD become coupled, such that the mass matrix is no longer diagonal. Fortu- 
nately, only th*» mass matrix of the FBD and its rotor is not diagonal, so that 
the affected equations of motion may be separated from those components whose 
mass matrix diagonal. With this consideration, equation 4.0 may be 
rewritten rs two sets: (1) equations with diagonal mass matrix and (2) equa- 

tions of the FBD-with-the rotor. Thus: 


D iagonal Mass Matrix 88 i * 1, 2 . . ,M 


Hj Y j 


-K ij Y; 


- CjjYj 


+ Fi 


i.j * 1,2, 


N-M 


( 2 ) 
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Non-Diagonal Mass Matrix: i * M+l, M+2, ... N 

M ijYj * -Ki j Yj “ CjjYj + F’ t i i,j * M+l, M+2, . * .N (3) 

With this device, Equation (2) is found to be identical in form to the 
equations in the old TETRA. Now the Mass Matrix of Equation (3) may be 
inverted so chat by multiplying Equation (3) with its inverse, the resulting 
matrix equation is also identical in form to Equation (2). Consequently, 
the same central difference integration routine employed in the original 
TETRA can be used. 

From the foregoing discussion, it is seen that to obtain the gov- 
erning equations of the FBD module, the FBD must be considered to undergo both 
the displacements due to its one-diameter degrees of freedom and the motion of 
its center of gravity or attachment point on the rotor. The results add two 
equations for the two FBD coordinates, and produce off-diagonal terms in the 
mass matrix and additional cross-coupling terms in the gyroscopic matrix. 


3.3 KINEMATIC REPRESENTATION 


In order to formulate the FBD*s equations of motion with the method of 
Lagrange, we proceed as in Reference I, by defining the components of the 
position vector of a point on the bladed disk. But first we list the follow- 
ing allowable displacements of a point on the FBD: 

1. Y (Horizontal) and Z (Vertical) displacements and rotations of the 
FBD center of gravity where it is attached to the rotor. These 
are displacements of the rotor relative to ground (Figure 1). 

2. Axial (v) and tangential (u) displacements of a point on the FBD. 
These are rotating with the shaft. A point on the FBD undergoes 
these displacements as it rotates about the rotor axis (Figure 1). 

3. These two sets of FBD axial and tangential displacements are then 

written as the sum of two standing waves (P and q): one corresponds 

to a horizontal diameter node line (P); the other corresponds to a 
vertical diameter node line (q). Both are illustrated in Figure 3. 

The FBD axial and tangential standing wave displacement sets represent 
motion about both the horizontal and vertical axes and therefore can recon- 
struct traveling wave motions in the direction of and opposite to the sense of 
rotor spin. 

From Figures 1 to 3, the components cf the total displacement vector of 
a point on the FBD, relative to ground can be written. These are: 


Horizontal Displacement Component 
y “ Ry cos ot + R x sin + y 


(4) 
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Vertical Displacement Component 
z = Ry sin <* sin 9 + R z cos 9 - R x cos a sin 0 + z 
Axial Displacement Component 
x = -Ry sin a cos 9 + R z sin 9 + R x cos a cos 9 
wi h the following definition: 

Ry = r cos ♦ - u sin ♦ 

R z = r sin ♦ + u cos t 
R x = v 

and 

u(r,4»,t) = u(r)(p(t) sin ♦ + q(t) cos ♦) 
v(r,i,t) * v(r){p(t) sin ♦ + q(t) cos 
* * (Qt + a) 

where: 

r 35 Radial location of a point on the FBD 

^ = Azimuth or polar angle of the point on the FBD 

o = The polar angle position of the point relative 
to FBD reference diameter 

D = Rotor-FBD spin about the rotor axis, x 

p(t) = Generalized coordinate of the sine or horizontal, 
nodal diameter mode 

q(t) = Generalized coordinate of the cosine or vertical nodal 
diameter mode 

y,z - F ^izontal and vertical bending displacements of the 

rotor at the FBD attachment point or center of gravity 

= Horizontal and vertical plane(s) slopes of the rotor bending 
displacements at the FBD center of gravity 

v f r) * FBD axial 1-D modal deflection shape 

u(r) - FBD tangential 1-D modal deflection shape. 


(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

( 10 ) 

( 11 ) 

( 12 ) 


l-Hu ly, the displacement vector components can be rewritten (for 
brevity, the FBD u(r,4> t) and v(r,4>,t) displacements are retained). Thus 



y * r cos a cos - u cos a sin ♦ ♦ v sin a + y 


(13) 


NOTE: 


sin 0 

sin ci , 

cos ♦ - u 

sin a 

sin 0 sin i 



(14) 

+ r cos 

0 sin 

♦ + u cos 

0 cos 

♦ - v cos « 

sin 

8+2 


-r sin 

<* cos 

0 cos ♦ + 

u sin 

a cos 0 sin 

+ 


(15) 

+ r sin 

0 sin 

♦ + u sin 

0 cos 

♦ + v cos 0 

cos 

a 



The centrifugal stiffening associated with spin can be considered in 
the potential energy of the FBD. However, it can be treated as part 
of the kinetic energy by adding the radial blade foreshortening to 

the radius of the point on the blade. This results in replacing 
r in Eqs. 1 and 3 with: 

- <16) 

The classic Lagrangian operator must also be replaced if we use 
physical displacements to account for the presence of (du/dr)^ and 
its time derivatives in the kinetic energy expression. Note that in 
the end, only linear terms in the equations of motion will be 
retained, so that simplifications can be made. For simplicity and 
brevity, the centrifugal stiffening would best be considered in the 
poential energy. 


3.4 DYNAMICAL EQUATIONS OF THE FBD MODULE 

The FBD with the motion of the rotor at its attachment, is one subsystem 
with the rotor. This means that the equations of the FBD can be added to 
or overlaid on the rotor equations. Because of the FBD one-diameter mode 
coordinates, the FBD-rotor equations will be two more than the number cf the 
original rotor equations. The external excitations are the same as in the 
original TETRA, such as unbalance in the rotor, time dependent forces and the 
interaction forces introduced through the rotor's connecting elements with 
other subsystems. Though not true "external forces" in the sense of the total 
engine structure, these connecting forces can be considered as external to any 
subsystem. 

This convention is adapted in developing the FBD module's equations, and 
it serves to keep the FBD in the proper context of the complete structure. 

The equations of the FBD contain essentially inertial forces, its stiff- 
ness or restoring forces relative to the rotor and its modal damping. These 
are derived by Lagrangian dynamics from the instantaneous position or dis- 
placement vector of a point on the FBD. The various rotations and displace- 
ments follow essentially Reference 1 and are shown graphically in Figures 1, 

2, and 3. 

The stiffness and damping forces are straightforward and the potential 
energy and modal dissipation function can be simply written in shorthand: 
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1/2 Mjj Y£ Y j 

(17) 

1/2 C£j Y£ ifj 

(18) 


i,j: takes on indices denoting the FBD and rotor generalized coordinates. 


W£j * FBD one-diameter natural frequency with centrifugal stiffening; 

the rotor frequencies are excluded here since they are already in 
the original TETRA. 

with: M£j = FBD one-diameter modal mass (without gyroscopic effects); Mjj = 

diagonal. Rotor MASS matrix is excluded here since these are in 
the original TETRA* 

C £ j - FBD modal damping, diagonal; rotor modal damping are excluded 
here also. 


U = FBD one-diameter mode elastic energy 

D = FBD one-diameter mode dissipation function 


The kinetic energy is written in terms of the total velocity components 
relative to ground. 


T 


1/2 


f i 2 . 

Jix (^i.Tfi) ♦ y 


(Yj,Y£) + z (Y^Y^)) dm 


(19) 


Since the centrifugal stiffening on the FBD one-diameter mode has been 
included in the potential energy, the Lagrangian operation on the kinetic 
energy can be simplified. In Reference 1 and 3, it is shown that when the 
functional is dependent only on velocities and displacements, the Lagrangian 
equation becomes: 





dm + w? 


M; 


(ij) "U 


+ 


( 20 ) 


Since the FBD-rotor coupling involves only the kinetic energy, the kinetic 
terms are first derived and examined. Finally, these will be combined with 
the stiffness and damping terms. 

First, the governing FBD equations will be obtained in the physical rotor 
coordinates and the FBD axial and tangential coordinates. This will give some 
physical insight on the FBD-rotor coupled system and also provide a basis with 
which comparisons can be made with analogous dynamic problems such as propeller 
whirl. Such comparison will help assure that the resulting FBD equations have 
a correct physical and mathematical basis. 
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Finally, these equations will be transformed to generalized coordinates, 
which become the working equations for the computer coding of the FBD and its 
embeddement in TETRA. 


3.4.1 The Kinetic Terms of the FBD-Rotor Equations 

The Lagrangian operation on the kinetic energy is evaluated here but the 
results are given in the context of the complete equatioa. Rewrite Eq. 7, as: 


>ri '/{ 


x 8x 

3 n 


12 _ 

3Yi 


3z 

3 n 


dm 


F i ~ w (£j) M ij Y j " c i j Y j 


( 21 ) 


Obtain the terms within the brackets, thus, 


£gu 

3m 


x 3x 
* Y i 


y ly_ 

* Y i 


3z 

3Yi 


(22) 


Substituting the position vector components, (13), (14), and (15), into 
(22) and performing the indicated operations yield the generalized kinetic 
force in the FBD coordinates. Here instead of using the index notation, Y^ is 
replaced with: y,z,&,a, u and v. The results are given below. 

Horizontal Translation - Rotor Bending 

= y - u sin * - 2a fl cos s in y - ft 2 r C os * (23) 

dm 3 

Vertical Translation - Rotor Bending 

— ^ s z + u cos ♦ - 2 u Q sin ♦ - u G 2 cos r s £ n ^ 124) 

dm 

Horizontal Rotation - Rotor Bending 

=s o r 2 cos 2 ♦ - 2a Q sin ^ cos (25) 

dm 

- 0 r 2 sin 4* cos ♦ - 2fl fl r 2 cos 2 it 

- v r cos - v B 2 r cos 4> 
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Vertical Rotation - Rotor Bending 


dQe 

dm 


-a r^ sin ^ cos y + 2 ^ ft sin^ y 

••0.9 • o 

+ e r sin* + 2e a r sin ^ cos 41 

+ v r sin ^ + v r sin 4» 


FBD Tangential Blade Bending 


dQu 

dm 


-y sin ^ + z cos ^ + u 


FBD Axial 3 lade and Disk Bending 


dQ v 

dm 


- a r cos i|) + 2 J r sin ^ 

•• • *• 
+9 r sin + 20 ^ r cos * + v 


( 26 ) 


( 27 ) 


( 28 ) 


Examining these equations, one can conclude that the rotor coordinates' 
equations are the same as those in Reference 1 (there is a minor change in 
notation) except for the addition of the FBD's degrees of freedom of 
tangential and axial displacement. It can be observed that the mass matrix 
or acceleration coefficient matrix is no longer diagonal; this shows the 
inertial coupling between the FBD and the rotor. 

When obtaining the complete equations, it should be noted that integra- 
tion of the rotor coordinates equations, [(23) through (26)], must be made 
over the entire rotor including the FBD; whereas integration over the FBD 
coordinates' equations, (27) and (28), is made over the FBD mass, with the 
rotor displacements, velocities and acceleration taking values only at the 
attachment to the FBD center of gravity. 

It is interesting to compare these equations with those for nacelle- 
propeller whirl flutter with rigid flapping blades, (Reference 3). The 
inertial and gyroscopic terms are identical when the tangential degree of 
freedom of the FBD is ignored. 


3.4,2 C omplete FBD Module Equations in Generalized Coordinates 

The complete equations of the FBD-rotor are obtained from (23) through 
(28) in view of ( 21 ) with the following modal coordinate definitions and 
tranformat ions from physical to generalized coordinates. 
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y(x,t) = y£(t) ♦y^(x) = l y^(t) $y£(x), Horiz. Trans. (29) 

z(x,t) = z^(t) $ 21 ( x) = I ( t ) $ 21 ( x) , Vert. Trans. 

i 

a(x,t) = y £ ( t ) $'yi(x) = I y£ ( t ) $'yi(x), Horiz. Rot. 

6(x,t) = z | ( t ) $' z i(x) = E y^(t) $'y£(x), Vert. Rot. 

u(r,$,t) = u(r) {p(t)sin$ + q(t)cos$), FBD Blade Tan. Defl. 

v(r,H>,t) = v(r) {p(t)sin$ + q(t)cos$), FBD Axial Defl. 

Note that p(t) and q(t) are the FBD one-diameter standing wave solutions. 
The transformation equations are: 


Qyi 

■ 

d yi 

do 

+ Qa -r— 

d Vi 

♦ yi Qy + $' yi Qa 

(30) 

Q*i 

= Qz — 

^ dzi 

„ de 
+ T-- 

a zi 

$ziQz + ^'zi Qo 

(31) 


* Q — + 

Wu dp 

Q — » 

Qv dp 

u(r)Q u sin $ + v(r) Q v cos $ 

(32) 

Qq 

_ du 

* + 

_ dv 
Qv dq 

u(r)Q u cos $ + v(r) Q v sin $ 

(33) 


Recalling that the potential energies and dissipation functions were 
given in terms of modal variables and noting the domain of integration 
described in the previous section, the complete FBD-rotor equations may be 
written with the aid of (29) through (33) and (23) through (28): 

Qyi = F{ - Mjjw(ij)Yj - CjjYj (34) 
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These are given below: 


OF POO ii * 


where: 


M z . . * M v « . 

s i i 


U yij - VzjM + *ii V’ * z i * *yi 0 FBD C - G - 

M,I * Rigid mass and Diametric Moment of Inertia of FBD 


( 35 ) 


Ip • Rigid polar moment of Inertia of FBD 


/ |cos 2 * | 

* (r> r , 

BD (sin 2 *) 


dm 


( 36 ) 


M u = 

cos 2 * 

d _ l 

dm - y N bld 

/ 3<r) 

cos 2<t 

All Blades 

sin 2 * 


J \ 
1 Blade 

sin 2a 


dm 


( 37 ) 


%LD = Number of blades, N.B. Since M u contains tangential motion, the 
disk contribution is zero. 


cos 


2 * 


M pp s M qq M pq ' M qp 


j [(V 2 (r) + U 2 (r)] 


dm; Modal MASS of FBD, 
Fixed Axes 


FBD 


sin 


2«d 


( 38 ) 


Kpp = Kqq * Mpp (wpp + (8p-l)fi 2 ), FED Modal Stiffness in the Non- 
rotating Axis System. 


w pp * w ff * w o» ^ BD Natural Frequency at Zero Speed 


Bp = Speed Coefficient in the Rotating FBD Natural Frequency Equation. 


w r = / w pp + B 0 fi2 ; Bo " Bo = B 


Yi 


'PP 

External or Connecting Forces from other Subsystems to the Rotor 
Containing the FBD, 


FBD Rotating Natural Frequency 
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Vertical Plane - Rotor Bending Generalised Coordinate s 


Q 


z 




+ M * q 
u r z . 

1 





♦ 2flS $ 

V*Z . 


4 z; 


nr 


- C 


z 


i F 


z . 


(40) 


Horizontal P lane - R otor Bend ing Generalized Coo rdinates 


Qyi ~ M y i J ~ ^u$y^ P * S v ^yi q “ ^p^ z i^yj z j * ^ftSy^y^p 

- M w?. .»Y. - C Y. + F 
y ij (lJ> J y ij J y i 


(41) 


FBD - Sine Component : 1-Diameter Mode Horiz. Node Line) 


Qp * S v ♦i i Z i - Mu^y.Yi + M pp p * -2QS v ^.Yi + 2flM pq q (42) 

KppP - Cppf> + Fp 

FBD-Cosine Component: 1-Diameter Mode (Vertical Node Line) 

Qq = Mu + Mqqq * “2flS v $2^Z£ + 2(jMq^p (43) 

Kqqq - Cqq4 + 

N.B. the acceleration terms underlined with (-^^-\>) are the diagonal mass 
matrix elements and denote the equation's principal coordinates i,j: 1,2,3, 

4, .... rotor generalized modal coordinate index and p, q as the FBD Standing 
Wave Coordinates. 


3.5 170 DEGENERATE CASES 


Because of the complexity of a rotor with an FBD and the paucity of 
results of a transient FBD-rotor analysis, it becomes necessary to show 
the logic of the formulation and the resulting FBD equations have a firm 
theoretical basis. Therefore, two special degenerate cases have been 

chosen : 
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1. Two degrees-of-freedom (Horizontal and Vertical planes) rotor 
with a rigid FBD. 

2. One-Diameter (Vertical and Horizontal Planes) fLexible mode 
FBD wiLhout rotor degrees of freedom. 

Rather than obtaining the transient solutions for these cases, their 
characteristic equations will be solved in closed form to obtain their 
natural frequencies. Each case is just a subsystem independent of th? 
other. The rationale of this approach is that if the subsystem equations, 
which are obtained from the whole, yield the classic solutions, then ther. 
is confidence that the complete equations for the total structure are corrc t. 

3*5.1 Two Degrees-of-Freedom Rotor with a Rigid FBD 

These are obtained from (40) and (41) by ignoring the terms cont g 
p and q and their derivatives. The resulting equations are the classic 
symmetric rotor equations with cross-coupled gyroscopic terms whose two 
frequencies correspond to an advancing and a regressive whirl mode and which 
diverge from a common value (at zero rotor speed) with increasing speed. 

A plot of these frequencies as functions of rotor speed has been published 
in standard works (for example - Reference 4). 


3.5.2 One-Diameter Flexible Blade Disk : Cross-Axis Coupled 


Similarily, ignoring the terms containing Zi and Yj and their derivatives 
from equations (42) and (43) yields the governing equation of a flexible 
bladed disk or a plate fixed at its center. These are the "standing wave" 
equations of the flexible blade disk. The form is similar to the degenerate 
rotor case in Section 3.5.1, However, the two frequencies of the FBD cor- 
respond to two traveling waves: forward (in the direction of rotation) and 
backward. The frequencies can be written in terns of rotor speed as: 


2 f~2~ 22 

W F V W o 6 

T7 Fi 7 FT 

W B = >o + 6 ° ~ 0 


Forward 


Backward 


(44) 

(45) 


The term under the radical is the classic rotating natural frequency 
while the ±ft term denotes that the solutions correspond to waves whose propaga- 
tion speed is the same speed as the rotor. These solutions are the classic 
standing wave (on the rotating FBD, but fixed to ground) solutions of a 
rotating flexible bladed disk. 


3.6 THEORETICAL CONSIDERATIONS IN THE EMBEDMENT OF THE FBD MODULE IN TETRA 


An overview of the FBD module and its relation co the entire engine 
structure was given in Section 2.2 in terms of the complete system's equations 
of motion. To implement this scheme in an existing computer program (namely 
TETRA) both the TETRA main computer code and the FBD module must be tailored 



to accommodate one another* That is, buffers must v -ioded to make the two 
compatible. At the same time, the basic TETRA must .e able to operate as 
before when there is no FBD, 

Because the FBD introduces a nondiagonal mass matrix of the rotor coordi- 
nate of which it is a part, global matrices for these affected coordinates 
must be formed, whereas there is no need for them in the original 
However, by limiting these global matrices only to the FBD and its rotot, this 
complication is reduced. The inverse of the nondiagonal matrix is subse- 
quently used to render the affected equilibrium equations to the same form as 
in the original TETRA or the rest of the unaffected subsystems (without the 
FBD). 


In additio T the rigid FBD properties can also be considered as a part of 
the rotor so that the rotor’s nonrotating modes (or rotating modes) include 
the FBD’s inertia. The cross-axis coupling can therefore be included in the 
"right side' 1 of the equilibrium equations, as in the original TETRA. One 
benefit from this is the effective increase in the solution time-interval 
step, since the FBD rigid inertia properties would lower the rotor modal 
frequencies. The FBD requires inputs describing its modal characteristics, 
e.g,, modal displacements, modal potential energy and modal stress components. 
These are to be provided from a source external to this project. However, 
some considerations must be noted here. The FBD one-diameter mode is essen- 
tially an axial deflection of the blades and disk. In other words, deflections 
parallel to the rotor axis or FBD axis of syrmetry predominates any tangential 
(in the plane of the FBD) motion. This means that the "BETA" factor or speed 
coefficient in the FBD rotating natural frequency expression must be at Lea*t 
equal to (or greater than) unity. 

To calculate the FBD input variables, integration is performed over the 
disk volume as well as over each blade. Since the blades are discrete and 
finite in number, the integration over the circumference is transformed to a 
finite sum over the nun. .r of blades. The transient section also requires 
specifying a reference blade or polar angle location on the FBD as well as 
the relative position (with respect to the angular reference) of a blade or a 
point on the disk where deflections or stresses are desired, because the 
stresses on each blade will not necessarily be the same at the 'ame radial 
location and the same time. 

To calculate the transient stresses at designated points on the FBD, the 
appropriate one-diameter modal stress components must be input since stresses 
are calculated relative to the disk center of gravity. Similarly, the FBD 
transient deflections are calculated at designated points where the location 
and one-diameter modal deflections are also provided. 
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3.7 FBD TRANSIENT DISPLACEMENTS AND STRESSES 


The FBD displacements are the sums of the rotor deflections at the FBD 
attachment, the contribution of rotor rotation, and the FBD one-diameter 
(horizontal and vertical diametral Modes) modes relative to its center of 
gravity , 

However, the FBD deflections of interest are those which correspond to 
the one-diameter modes relative to the center of gravity. Recall t it rotor 
deflections are already calculated at selected points and that the itational 
displacement of a point on the FBD due to spin overwhelms all the other 
displacement components. The FBD one-diameter displacement relative to its 
center of gravity are calculated from equations (10) and (11) with the polar 
angle definition of (12). 

The FBD stresses are calculated in a similar fashion. The modal stress 
components o the blades and disk must be provided at selected points. These 
moda 1 stress components depend on: 

Radius and 

Polar Angle. 

The stress components can be: (l) resultant bending; (2) radial; 

(3) tangential bending; (4) shear; (5) principal, or effective-stresses. 

These depend on what the user desires to calculate. These stress components 
are calculated as follows: 


S (r , t ) = S (r ,a) [p(t)sin+ + q(t)cos*l 

FBD FI 3 L 

S * Transient FBD stress-output. 

S>FBD * Modal stress component input; the same for either 
vertical or horizontal diameter mode 


with 


(46) 


♦ = flt ♦ o, Instantaneous Polar Angle Relative to Ground 
a * Polar Location of FBD Point Relative to a Reference Diameter. 
8 = Rotor Spin Speed. 
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4.0 APPLICATION OF FBD-TETRA TO A DEMONSTRATOR MODEL 


Applications are made to demonstrate the use of the FBD module and verify 
its capability to calculate resonant excitation of the FBD with unbalance (or 
force) on an adjoining rotor. 

4.1 DESCRIPTION OF THE DEMONSTRATOR MODEL'S STRUCTURE 


The demonstrator model is a two subsystem structure, illustrated in Fig- 
ure 4, consisting of (1) a low pressure (LP) rotor containing the FBD and 
(2) a high pressure (HP) rotor. This system is essentially the same as the 
demonstrator model in Reference 1. In this present work, however, the former 
casing is considered as the HP rotor with a 100 gm-in unbalance at its first 
spanwise location. A modification has also been made to the HP and LP stiff- 
nesses e.g. , reducing them to a tenth of their former values. The reduction 
in stiffness results in lower frequencies and hence larger time intervals for 
the numerical solution. Figure 5 shows the modeshapes of the model's two 
components . 

The FBD properties are derived from the original (Reference 1) bladed- 
disk by allowing it to undergo a one-diameter axial vibration mode shape. The 
FBD modal properties are then calculated with the formulae developed in Sec- 
tion 3.4.2. The FBD stiffness is chosen arbitrarily so that its one-diameter 
resonance is in the range of the HP-LP differential speeds. Also, several 
values of the FBD stiffnesses (or natural frequencies) are considered in order 
to observe how its resonance speed can be raised or lowered - e.g., exhibit 
the classic observation of resonance frequency-excitation frequency cross- 
overs . 

The excitation source is the unbalance in the HP rotor. The ratio of the 
LP to the HP rotor speeds is held a constant 2.045; however, the LP speed (and 
hence the HP's) is allowed to increase, from 2400 rpm, linearly with time, 
resulting in an FBD excitation frequency that also increases linearly with 
time. Figure 6 shows the prescribed time histories of the HP and LP rotor 
s pe ed s . 


4.2 DEMONSTRATOR SUBSYSTEMS' MODAL CHARACTERISTICS 


Since the objective of the demonstrator model is simply to show how the 
FBD-TETRA is used and that it is feasible to excite the FBD one-diameter mode 
in one rotor by an unbalance in the other rotor, the number of subsystem modes 
is minimal. The subsystem modes are obtained from an in-house direct solution 
method, and its modal output is stored into a TETRA input file. 

The LP rotor modes are represented by their first five modes (two rigid 
body and Three flexural modes); while the HP is represented by four modes (two 
rigid modes and two flexural modes). Polar symmetry being assumed, these 
modes are replicated in the vertical and horizontal planes. The frequencies 
and sketches of the subsystems' mode shapes are summarized in Figure 5. 
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Figure 4. Schematic of Demonstrator Model. 
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Figure 5. Summary of Demomstrator Subsystems’ Modal Characteristics. 
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It must be noted that the FBD modal characteristics are obtained in a 
program external to this present task. For the purpose of this demonstra- 
tion, it is convenient to pick the FBD input arbitrarily; however the values 
that are selected are typical of FBD one-diameter modes in production turbine 
engines. Inputs for the demonstrator model are given in Table 1: The first 

part contains rotor modal/ input s as in the original TETRA; the second part 
shows (compare with FBD input sheets in Section 5.0) the FBD inputs and the 
connecting elements, and finally the third part contains the summary of the 
complete inputs as made by and rearranged by the program. 

The FBD one-diameter mode is a standing (nonrotating) wave and is repli- 
cated as vibrations in two orthogonal diameter node lines (vertical and hori- 
zontal ) . 


4.2.1 Natural Frequencies of the FBD 

In demonstrating the resonant amplification of the FBD, it is necessary 
to input a one-diameter natural frequency which will lead to the desired 
values when the effects of rotation and gyroscopic cross-axis coupling are 
accounted for in the FBD-TETRA program. In addition, the system frequencies 
of the FBD-rotor combination are different from the initial modal inputs, 
since the modal synthesis by TETRA includes inter-subsystem and inter-modal 
couplings. As a consequence, the true combined FBD-rotor resonant frequencies 
are found only as a result of the analysis. 

Therefore, in the FBD-TETRA calculations, it is prudent to arrive at a 
"good" initial value of the FBD frequency in order to minimize repeat runs to 
show FBD resonant response in the context of the complete structure. 


To achieve this initial selection the effective resonant frequencies of 
the FBD when isolated from the rotor degrees-of-f reedom, is calculated. The 
resulting FBD one-diameter mode frequencies with gyroscopic coupling are cal- 
culated from the equations of the degenerate FBD as described in Section 3.5.2. 
There are two frequencies since the cross-axis coupling has the effect of 
splitting the symmetric FBD's frequency at zero speed, into two modes corre- 
sponding to a forward and a backward wave. Thus: 


w fwd - V w o 2 + e2fi2 + n 


(47) 


“bkd -^o 2 * 8202 - 0 

From these expressions, one can select the nonrotating frequency w Q and 
beta factor, B, that would result in the desired effective FBD frequencies 
with gyroscopic coupling. These expressions also indicate the two possible 
FBD resonant excitations. 


In the demonstrator cases, the nonrotating one-diameter frequency and the 
beta factor are selected to produce effective FBD rotating frequencies close 
to a rotor critical speed and/or excitation frequency. 
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4.3 TWO-ROTOR MODEL WITH FBD: TRANSIENT RESPONSE 


The two-rotor model is designed to illustrate the phenomenon of resonant 
response of the one-diameter FBD mode (on the LP) from an unbalance stimulus 
in the HP rotor. In this case, the unbalance load on the HP rotor is trans- 
mitted to the LP via the connecting springs. Due to the HP-LP differential 
rotational speed, the unbalance is "felt 11 by the LP (and consequently, the 
FBD) as an oscillating force in the direction of rotation of the LP, and at a 
frequency equal to the difference in the rotors 1 speeds. Because there is no 
direct physical link between the HP and the FBD, the FBD is excited inertially 
by the motion of the LP rotor. 

To demonstrate the FBD resonant response, its rotating natural frequency 
(FBD alone) is chosen to be near the HP-LP difference speed. It must be 
recalled that the FBD* s true resonant frequency is a result of the inertial 
and gyroscopic effects of the HP and LP rotors, which can be calculated only 
(by fast fourier transform analysis) from the fully coupled system. The FBD 
resonance is therefore identified as one of the modes of the fully coupled HP, 
LP and FBD system wherein the motion of the FBD in its one-diameter vibration 
is predominant. 

The FBD model was also modified to study the effect of its basic nonro- 
tating frequency, (or elasticity) on its critical speed. By lowering this fre- 
quency as well as the HP and LP speeds one would expect the FBD resonant fre- 
quency or critical speed to occur at correspondingly lower rotor speeds (this 
translates to earlier times in the Transient-response plots). 

The calculated transient responses for the basic demonstrator model as 
well as the several modifications of its nonrotating natural frequency are 
illustrated in Figure 7(a). Each plot contains the FBD's transient axial 
displacement history in a rotating axis. In addition, Figure 7(b) shows the 
corresponding transient responses of points on the LP and the HP, for the case 
of the stiff FBD (42.5 Hz). 

The initial peak corresponds to the HP rotor bending mode resonance. The 
second peak is the FBD response. When the FBD natural frequency (or stiff- 
ness) is reduced, its resonance response occurs at an earlier time which cor- 
responds to a lower LP rotor speed and a smaller HP-LP differential speed. 

The FBD resonances represent approximately the crossings of the HP-LP differ- 
ential speed (excitation frequency) curve with the speed versus frequency cur- 
ves of the FBD for various stiffnesses. This is given in Figure 8(a) which 
shows the rotating frequencies of the "FBD-alone" module. Note the effect of 
rotor speed acceleration rate and the gyroscopic coupling between the FBD and 
the rest of the mode. 

From Figure 7(a) and 8(a), the FBD resonant amplitude (the second or 
later peak) is found to be smallest for the high stiffness (42.6 Hz) case and 
increases as its resonant speed (lower stiffness) approaches the HP resonance 
(first peak). This is explained by the fact that the FBD stimulus is by an 
inertial interaction with the LP and HP, and that this stimulus is largest 
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Figure 8a. Effect of FBD Static Natural Frequency (Stiffness) on its 
Coupled Resonance Frequency. 
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at the HP resonant speed. Also, at the lower stiffness, the FBD is more flex- 
ible and hence exhibits a smaller impedance. It can also be observed that the 
HP resonant frequency relative to ground is higher compared to what is "seen" 
by the FBD (first peak). This difference is explained by the fact that the 
FBD response is shown relative to a rotating LP reference frame, and hence the 
HP vibration is seen at the difference (HP-LP) frequency. 

The FBD resonant frequencies shown in Figure 8(a) by the circles, are 
with respect to the rotating LP. These are obtained from an expanded time- 
scale plot of the resonant peaks by counting the number of cycles per unit 
time (these can also be obtained by an FFT analysis), for example see Figure 
8(b). The FBD displacements and stresses are also calculated with respect to 
the LP rotating reference, since these would be more meaningful for the inter- 
pretation and visualization of the FBD response. 

Finally a typical FBD stress component's transient response ,s shown ii 
Figure 9 for the high stiffness configuration (wf = 42.6 Hz). The stress, 
being directly proportional to the displacement, has an identical time history 
except for the amplitude, e.g., the same frequency content. The stresses at 
various points in the FBD do not have the same amplitude or phase, since these 
stresses depend on their polar as well as radial position and on whether a 
point is on the disk or on the blade. Being a single mode representation, 
the FBD response follows exactly the relative modal stress- and displacement 
shapes. Also, since the FBD deflections and stresses at arbitrary locations 
are found subseqi ont to the calculation of the generalized coordinates' 
response, the transient FBD displacements and stresses may be calculated from 
input values of modal-stresses and displacement shapes at desired FBD points. 

By way of illustration, a sample output of the FBD and rotor responses 
are given in the last part of Table 1 , 

4.4 CONCLUSIONS AND RECOMMENDATIONS 


The f lexible-bladed disk (FBD) module has been embedded in the Turbine 
Engine Transient Response Analysis computer program (TETRA). This version of 
TETRA now permits the calculation of the transient response of one or two FBD's 
on a rotor in a turbine engine structure. 

The logic of the theoretical formulation has been checked with closed-form 
solutions of the degenerate cases for (1) FBD alone and (2) rotor without an 
FBD. Also, application of the TETRA-with-FBD to a two rotor paradigm model has 
demonstrated that the FBD one-diameter mode (on one rotor) can be excited into 
resonance by an unbalance on the other rotor. The latter phenomenon has been 
observed to occur in actual engine experience, and is the principal reason for 
developing the FBD module of the TETRA Program. 

Within the assumption of a single bladed-disk mode, the FBC-TETRA also 
calculates dynamic stresses in the disk and/or blading (on one rotor) that 
result from unbalance in the other rotor. With the formulation of the rotor- 
FbD-s true tural. interaction, this program can be employed to identify potential 
dynamical problems of b lade-d i sk-rot or systems and also to evaluate analyti- 
cally solutions to current problems. 
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Finally, the FBD-TETRA Program hns been installed in the NASA LeRC "Cray 11 
computer, and run successfully there. 

Due to the volume of cal .lated data inherent in a transient analysis of 
engine structural systems, it is recommended that a plotting capability be 
added to the “Cray" version of the FBD-TETRA. Whereas this capability is 
incorporated in the NASA Univac version of the original TETRA, the "Cray" 
needs this to make the interpretation of results more i*pid and meaningful. 

When one looks at any cf the transient plots in Figures 7a, and note that each 
plot is made up of 5C 0 separate time steps and that each time step represents 
several pages of printout, a plotting facility becomes a necessity. 

Another recommendation is for updating the NASTRAN modal input file. The 
original TETRA employed the subsystems* modal data calculated by NASTRAN as 
input to the Univac version of TETRA. Since the "Cray" uses 64 bit words 
rather than the Univac*s 32, and due to other differences in the two computers, 
the NASTRAN-Interf ace Program (which processes NASTRAN output for TETRA-Univac 
input) should be updated to permit NASTRAN modal data to be input directly in 
the TSTRA-"Cray" computer. 

Beside the "Computer Systems** recommendations, the FBD-TETRA should be 
applied to larger engine systems. Any new program needs to be exercised thor- 
oughly to discover all its potentials as well as expose its bugs and short- 
comings. The E^ structural model provided in Task II of the present con- 
tract is one such system. 

The current interest in high speed turboprop propulsion is anothei area 
of possible application and extension of the FBD-TETRA. With the comparatively 
large raultibladed propellers, propeller-engine-nacelle-support interaction may 
become an important aspect of these propulsion systems. A tncdif ication of the 
basic FBD-TETRA may be made to include one-diameter-mode propeller blade aero- 
dynamic loadings which would be comprised of external forces and so called 
motion dependent aerodynamic loads. This would extend the capability of the 
computer program to analyze propeller-rotor aeromechanical problems such as 
forced resonant vibration of whole propulsion systems and the classic whirl 
flutter^*^, which is essentially characterized as a one-diameter propeller 
mode . 


Other possible additions to the program could also include embedding new 
connecting elements such as nonlinear squeeze-film bearings (Reference 6 for 
example) or nonlinear springs. 
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5.0 FLEXIBLE BLADED DISK/TETRA PROGRAM DOCUMENTATION 


5.1 SUMMARY AND INTRODUCTION 


The original Turbine Engire Transient Response Analysis (TETRA, Refer- 
ence l) subsystems are coupled gyroscopically and/or by connecting ele- 
ments such as bearings, springs, etc. This results in equations of motion 
wherein the generalized or physical acceleration, hence mass, occur only once 
in each equation. In other words, the modal mass matrix is diagonal. This 
property of the equations of motion is ideally suited to a central-difference 
integration scheme for the transient response solution; as a matter of fact 
global matrix equations are not neces ary. 

In the present development, the flexible bladed disk (FBD) motion is con- 
sidered relative to the rotor, which means that the FBD is a mode constrained 
to the rotor on which it is a component. In order to derive the equation of 
the FBD module, one must include the motion of the rotor (at its attachment to 
tae FBD) as well as the FBD. This results in a mass or inertial coupling 
between the rotor and FBD - in other words, the mass matrix of the rotor and 
FBD equations are no longer diagonal. As noted in Section 2.0, this requires 
construction of a global matrix equation of the rotor and FDD, taking the 
inverse of the masr matrix, and multiplying the matrix equation of the rotor 
and FBD by the inverse. This results in the diagonalization of the accelera- 
tion coefficient matrix - identical in form to the original TETRA. Conse- 
quently, the central-difference integration scheme is employed in the solution 
of the combined FBD-TETRA. 

The embedment of the FBD into TETRA requires the following: 

1. Discretized FBD rotor equations 

2 Global matrix formation, mass matrix inversion and multiplication 

3. Definition of FBD coordinates and convention 

4. Definition of essential FBD geometric, elastic and dynamic 

properties 

5. Definition of rotor-FBD interface 

6. Definition of input/output. 

These items as well as the overview of the FBD-TETRA program structure 
are described b ;low. 
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5.2 GENERAL SCHEME OF FBD* s EMBEDMENT IN TETRA 


The FBD and the rotor on which it is a part are identified and defined. 
This description of the FBD and its rotor allows the extraction from the 
engine structural subsystems, the connecting forces joining the FBD rotor to 
other subsystems. 

The FBD-rotor coupled equations are treated in the FBD module (actually 
several subroutines) while the rest of the subsystems are unaffected. The 
FBD module performs the global matrix operations of formation, inversion, and 
multiplication. After the FBD rctor equations are restored to the same form 
as the original TETRA, the FBD rotor is returned to the overall TETRA program 
for transient solution. Additional output variables are calculated to provide 
the FBD transient displacements and stresses. 

Figure 10 gives a view of the general scheme of FBD' s embedment in 
TETKA. 


Modeling the FBD rotor system must include the total engine structure as 
well. The FBD input are therefore additions to the original TETRA inputs. 


5.3 FBD MODULE INPUT 


FBD input has been accommodated by adding input sheets C-13 through C-16 
to the program input. No changes were made to any of the already existing 
TETRA input sheets. Thus, any run made on the previous version of the program 
that did not include FBD capability will still run on the new version. 

As noted above, FBD input is entered on Type C-13 through C-16 input 
sheets. Each FBD is represented by a modal subsystem, which is why the FBD 
input has been grouped with the other modal subsystem (Type C) input sheets. 

A TETRA model may include 0, 1, or 2 FBD's. If no FBD's are present, input 
sheets C-13 through C-16 are omitted; whereas if one FBD is present, sheets 
C-13 through C-16 are included once; and when two FBD's are present these 
input sheets are included twice. For other important information regarding 
the FBD input see the notes included on the Type C-13 through C-16 input 
sheets . 

The FBD one-diameter modal data are replicated for two planes: That is, 

a horizontal diametric mode and a vertical diametric mode. These two modes 
represent two standing waves, which the FBD traverses as it spins. The FBD 
generalized coordinates are the participations of these two modes. 

The FBD modal inputs can be divided into two groups. Group 1 input data 
(that include input sheets C-13 and C-14) are essential to the dynamic 
response of the FBD as a subsystem of the engine structure - they characterize 
the fundamental one-diameter modal properties of the FBD. They include the 
FBD center of gravity location, the FBD modal weight and modal inertial prop- 
erties, y-factor, static one-diameter modal frequency, and beta factor input. 
Group 2 input data (that include input sheets C-15 and C-16) have no effect on 
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Figure 10. General Scheme of FBD's Embedment in TETRA. 
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NAMELIST 
Type C-I3 


MODAL SUBSYSTEM INPUT FOR FLEXIBLE BEADED DISK SUBSYSTEMS 


Input sheets C-13 through C-16 apply for Subsystem 12 (Flexible Bladed 
Disk Number 1) and Subsystem 13 (Flexible Bladed Disk Number 2). 

If both F5D Number I and FBD Number 2 are present, they must be located 
on the same rotor. If the FBD(s) are on Rotor 1, then the rigid body 
modes for Rotor 1 must be included in modal Subsystems 1 and 2, and 
modal Subsystem 3 must be omitted. If the FBD(s) are on Rotor 2, then the 
rigid body modes for Rotor 2 must be included in Subsystems 4 and 3, and 
Subsystem 6 must be omitted. Both the rotor vertical plane and horizontal 
plane subsystems shou r included for the rot - lich includes the 
FBD(s) to account 'mg between the generalized coordinates. The 

physical weight and r. t u moment of inertia properties of the FBI>(*) must 
be included in the applies e rotor vertical and horizontal plane sub- 
systems. Rotor speed input (Input Sheet J) must be included for the rotor 
on which the FBD(s) are located. 


V 

s 

$LIST2 

TITLE= ' 

ISUB= .SUBSYSTEM NUMBER (12 or 13) 

1CG= .TETKA Point number for the FBD center of gravity (This 

point must be included in the applicable rotor vertical 
and horizontal plane subsystem input) 
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M ODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS 

v 

WTF= , one-diameter modal weight WTf (lb) 

QFAC= , modal Q-f actor (omit or set to 0 if no damping 

desired) 

WF= , static frequency Wf (hertz) 

XMU= . modal tangential shear coefficient, My (lb) 

SV= , modal moment coefficient, S v (in-lb) 

Note: To account for gyroscopic effects for the FBD, the polar moment of 

inertia of the FBD must be input on Sheet N at the FBD C.G. point. 

Input the following table for beta factors. Include at least 2 and a 
maximum of 10 lines. Entries must be in order of increasing rpm. 



B 

RPM 

FACTOR 


w 

BETA= 
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MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS (Continued) 


(Vertical Direction) 



Enter the r and S coordinates for each of the subsystem points other than the 
center of gravity point. Maximum of 200 points for subsystem 12 and 200 
points for subsystem 13 other than the center of gravity points, n = number 
of subsystem points other than the center of gravity point. 



Polar 

Radius 

Angle 

r 


inches 

degrees 


FBDPTS* 




> 

9 



9 


* 

9 



l 


2 

u 

3 

0> 


XI 


6 

• 

0 


2 


u 


C 


•*i 

* 

o 


a. 




eO 


U 

" 

O 



• 


n 


r > 0 

0 * < 5 < 360 * 
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ORIGIN?’- PAGE 13 
OF POOR QuALiTY 


Page of 

NAMELIST 
Type C-16 


MODAL SUBSYSTEM INPUT FOR FLEXIBLE BLADED DISK SUBSYSTEMS (Concluded) 

For each of the subsystem points other than the C.G. point enter the 
static (zero speed) mode shapes (assumed to be 0 if not entered): 


FBD 

FBD 

Tangential 

Axial 

Translat ion. 

Translation, 

u (inches) 

v (inches 


V 


FBDMS = 



For each of the subsystem points other than the C.G. point enter the modal 
stress components (assumed to be 0 is not entered): 
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the FBD-engine interaction; they, however, allow the calculation of the 
response of any of the local points on the FBD as determined by the Group 1 
inputs. The Group 2 input includes the r and £ coordinates, the mode shapes, 
and the modal stress components for each of the local points on the FBD on 
which transient displacements and/or stresses are desired. 

Input sheets C-13 through C-16 follow. See Table 1 for sample input 
demonstration case. 


5.4 FBD MODULE OUTPUT 


In add it on to I Ik* original TETRA output (Ketoronco I), FBD output are 
calculated for: 

1. FBD one-diameter participation factors (generalized displacement) 
for (a) horizontal diameter node line standing wave and (b) verti- 
cal diameter node line standing wave 

2. Axial and tangential displacements relative to the rotor attachment, 
of any designated point(s) on the FBD (the point coordinates and 
mode shapes must be in Group 2 input) 

3. Stress components on the FBD at designated points (location and modal 
stress components; that is, stress/deflection must be included in 
Group 2 input ) . 

Also, the FBD rotor mass matrix and its inverse are printed out. This is 
intended to provide assistance in diagnostics. A sample of a typical output 
is given in the pages which follow. 


5 . 5 OUTPUT PL OT FILE: FORMATS A N D DEFI N ITIONS 

Some changes to the content of the output plot file were unavoidable 
because of the need to add the FBD displacements, stresses, participation fac- 
tors (generalized displaceraments) , and other FBD parameters to the output plot 
file. For this reason, any TETRA postprocessor program that reads this output 
plot file and which was written for the old version of the program without FBD 
capability will have to be modified slightly to work with the revised TETRA 
program. However, such required changes are minimal and can be accomplished 
quite easily. 

The following is a listing of the contents of the output plot file for 
the revised TETRA program. This listing should be helpful to anyone modifying 
an existing program which reads the TETRA output plot file or to anyone writ- 
ing a new program to read this plot file. 

See Table 1 for sample output demonstration case. 
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Table 1. Two-Rotor Model with FBD, Input and Output. 
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 
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0919299 

PTS» 






09X9299 

9, 9. 

f. 8. 

, 




9919900 

9 , 18.888, 

t. ». 

, 




8819888 

if* 38.888, 

9. 1. 

, 




0919090 

11, 58.888, 

f. f. 

, 




0919790 

12, 70.009* 

f. 1. 

, 




9919990 

13, 9# . iff » 

§. I. 

, 




0919909 

14, 1 09 . 999 » 

0. «. 

, 




9929999 

x modes* 






0920X90 

123.6, 1.865S6E fit 18888., 

1 , 




9929299 

1 7f . 4 , 1 . 98866E 12, lffff.. 

lr 




8828388 

8385.9, 2.35766E f5, lift*., 

f, 




0029499 

9348. S. 1 . 821 98E 86, lffff., 

f, 




9929999 

VH (1 , 1 1 1 ) • 






9029009 

-1.88888E ft. 

V . 16527E-82* 

3.98772E 

fl, 

-1.61282E 

81, 

0029709 

-8.8342ZE-81, 

1 • 16524E-82 , 

i.ff449E 

§ 2 , 

-4.39154E 

82* 

0929999 

-6.58874E-81, 

1.14471E-82, 

1.79128E 

02 1 

-3.82919E 

83, 

0929909 

•4 ♦ 139B5E-81 » 

1.18154E-82, 

-5.47929E 

fl. 

-1.87831E 

83, 

992X999 

- 1 . 77828E-81 » 

1 . 181 34E-82 , 

*2. 18825E 

fl, 

-2.45427E 

82, 

0921X99 

5.83928E-B2* 

1 . 1B132E-82, 

-2.88157E 

fl, 

1 .f 1486E 

82. 

992X299 

1.74534E-81, 

1.18133E-82, 

2. 82204E- 

■f7, 

"7.57617E- 

■87, 

002 \ 299 

UH ( 1 , | , 2 ' * 






002X409 

-3 . 17ff lf-f 1 » 

1 . 34Z81E-82 , 

2.35482E 

fl. 

-3.32972E 

81, 

992X999 

• 1 . t277fC“f 1 . 

1 . 34199E-82 , 

4.76687E 

fl, 

-3.41292E 

82, 

002X699 

8.574 18E*82 , 

1 . 341 78E-82, 

4.77859E 

fl, 

-1.44459E 

83, 

902X709 

3 . 4742lE-f 1 » 

1 . 3878 4E-82, 

9.74697E 

ff, 

-3.f 3473E 

83* 

902X999 

6.8B678E-81, 

1 . 38684E-82 , 

-1.33724E 

f2, 

-2.73392E 

83, 

002X499 

B.69332E~81 * 

1.38544C-82, 

-Z .9585 IE 

§2, 

8.11273E 

82, 

9922999 

1.88888C 90* 

1 . 3857 IE- 82 , 

-1.51115E- 

06 * 

f. 

, 

9922X99 

VNtl, t»3>« 






9922299 

I.88888E ft, 

-2.84524E-82, 

-7 . 33686E 

f4. 

7 , 39295E 

84, 

8822388 

6.28328E-81 , 

-Z.77179E-8Z, 

-1.54Z42E 

f5, 

9.5158 f£ 

85* 

9922409 

•3.83799E-81 » 

-1.98245E-82* 

M.51497E 

85, 

4.41848E 

84, 

9922999 

•7.44846E~8l , 

-4.374*7E>f4, 

4.93964E 

§4, 

4.Z6885E 

86, 

0922699 

*3. 16835C-81 * 

1 .B1844E-82, 

1.738B5E 

85, 

4.531Z8E 

86, 

0922799 

3.98B38E-81, 

Z.4783ZE-8Z, 

1 . 131 7f C 

85, 

8.4 iff 9E 

85, 

4922299 

9.5584ZE“8l , 

2 . 7486ZE-82, 

1.59249E 

-84, 

4.27197E 

-83 , 

0922909 

VH(1 ,1 ,4)* 






9922999 

-1.88888E if, 

4.32f23E-f2, 

2.23138E 

85, 

-3.41441E 

85, 

9923X09 

-2.79514E-81 , 

4 ,f 7739E -f2 » 

3.3481 9E 

83, 

-3.21732E 

86, 

9923290 

9. 6Z537E*8t > 

1 . ♦•348E-82, 

-9.397I3E 

84, 

•8.4388 9E 

86, 

9923399 

-3. 7522 IE -82 , 

3. 51864E-83, 

-5.63835E 

85, 

1 . 1 171 1C 

85, 

8823488 

-9.64346E-81 , 

2.88828E-82, 

1.18382E 

85, 

8.84196E 

84: 

9023599 

2.56B16C-81 * 

4 . 852781-82 , 

2.7217ft 

85, 

2.88915E 

86, 

0023409 

9.63499E-81, 

4.288341-82, 

-3.479841 

-84, 

f. 

, 

0023799 

fEMD 







ORlQH/ AL 

POOR 


45 



ORIGINAL FA32 '/ 
OF POOR QUAU'iY 


Table 1. Two-Rotor Model 

with FBI), 

Input and 

Output 

(Continued) 

0023 800 

•LIST2 





0023900 

TITLE* 'SUBSYSTEM 5 

---HP ROTOR H0RI2.M 



■i'024000 

I SUB* 5, 





#£2*100 

XREF* 0. 





£02*200 

YREF* , 





002*300 

2REF* 3. , 





£02**00 

PTS * 





002*500 

3 , i. , 

0. , 0. 

, 



ri‘24c00 

*, 10.000. 

0. , i. 

f 



'?£247 

10. 30.000. 

0. , 0. 

, 



■:‘02*S00 

11. 50.000. 

0. r f. 

f 



■'•?2* 900 

12. 70.003. 

0. , 0. 

t 



s»-?;5000 

13. 93.000, 

0. , 0. 

» 



•:-‘:5i0£ 

1*. 100.000, 

0. , 0. 

1 



•Yi 252 ?0 

X MODES 5 





r* 2 5300 

123.4* 1 .065 54- E 02, 10000., 

1 , 



l £25*00 

170.*. 1 . 906e6E 02, 10000., 

1 i 



?i?2550«? 

5355.9, 2.35766E 05, 10000., 

0, 




92*0.6. I.02193E 06- 10000.. 

0, 



“02570'? 

VH ( 1 . ! , 1 ) * 





•I ? 2 56 06 

-1.33330E 03, 

1.14527E-02* 

3.90772E 01- 

-1 .612J2E 

01 , 

:•••■ 2 5900 

-8.93422E-01 , 

i . 16524E-02, 

1.00449E 02, 

-4 , 39I56E 

02 , 

•J': 2*000 

-6.50374E-01 , 

1 .1M71E-02, 

1.79120E 02, 

-3.02919E 

03, 

; ; 0i? 

-4 . 139S5E-01 , 

1 .1&154E-02, 

-5.47929E 01, 

-1.07031E 

03, 

.'•02*100 

-1 .77320E-01, 

1 . 18134E-02* 

-2.19825E 01, 

-2.45427E 

02, 

■a*! A ?0* 

5 . 53920E-02 , 

1 . 131 3ZE-02 , 

-2.00157E 01, 

1 .01*366 

02 , 

•a a 2 : 4 00 

l . 7 *-?34E-0! . 

1 .18133E-02, 

2.022&4E-07, 

-7.57417E- 

-07, 

?'?2i500 

VHil . 1 ,2) * 





■?*•:** 00 

-2. 17301E-01 , 

1 .34201E-02, 

2.35402E 01 * 

-2.52972E 

01 , 

•a *2 : 7 00 

-1 .S2770E-01 , 

1 .34199E-0Z, 

4.76667E 01, 

-3 . 4 1292E 

02, 

9026*00 

3 . 57410E-02 , 

1 .34170E-02, 

4.77059E 01, 

-1.46459E 

03, 

2i 900 

3-4 7 42lE*31 , 

1 .30704E-02, 

9.74697E 30, 

-3.03473E 

03 , 

032 7 333 

c- .0S670E-01 , 

1 .30604E-02, 

-1.337'fcE 02, 

-2.73592E 

02- 

££2 7 ! 33 

6 . 69332E-01 » 

1 .30564E-02, 

-2.95551E 02, 

S.11273E 

02, 

32*2 7 2 33 

1.00300E 00, 

1 .30571E 02. 

-1.511 15E-04 , 

0. 

» 

332 7 303 

JHU , 1 ,3) ■ 





■?(?27400 

1.30030F 

-2.84524E-02, 

-7, 3360SE 04, 

7.39295E 

04, 

£32 7 533 

6.23323 > 

*2 . 77 179E-02 . 

-1.34262E 05, 

9.515S0E 

05, 

302 7 : 33 

-3.03799fc-»l . 

-1 .90265E-02- 

-1.51497E 05, 

4.410S0E 

06, 

£ 2 7 7 3 3 

-7. *4-i,tE-01 , 

-4. 37467E-0*. 

4.93966E 04, 

6.2S805E 

06, 

332 7 630 

-3. 16035E-01 , 

1 .810446-02, 

1.73085E 05, 

4.331286 

it. 

3327903 

5 . V0630E-01 » 

2.67032E-02, 

1.13170E 05, 

8.41809E 

05, 

3326000 

0 . 55S*2E-01 , 

2.74062E-02, 

1.59249E-04, 

4.27197E- 

■03, 

*02$ 100 

UH ; i *1,41* 





33i.3fc.00 

-1.00030E 03, 

4 . 32023E-32 , 

2.23138E 05, 

-3.41 44 IE 

05, 

3326300 

-2.79516E 01. 

4.07739E-02* 

3.34019E 05, 

-3.21732E 

it, 

3026400 

9.6253 7 £-01, 

1.98340E-02, 

-9.39703E 04, 

-8.43809E 

06, 

3328500 

*3 . 7522 l E-02 , 

3.51864E-03, 

-5.65835E 05, 

1 .1 171 IE 

05 , 

0026*00 

-9.643466-01, 

2 . 00828E-02 » 

1.10302E 05, 

6.04193E 

06, 

3326700 

2.36816E-0I , 

4 . 05270E -02 . 

2.72 1 70E 05, 

2.30915E 

0* , 

0326630 

9 . 63499E -0 1 , 

* . 28834E-02 , 

-3.47906E-04, 

0. 

, 

3326900 

• EM 1 






46 



Table 1 


Of-' POOU 


r ; 


Q- .ii.il Y 


Two-Rotor Model with FBD, Input and Output. (Continued) 


*02*000 

4LIST2 

9029100 

TITLE*’ F8D 


1SU8* 12 i 

*029200 

ICG»7» 

•3029400 

WTF-200# 


GFAC * 130 * 

•2029600 

Wf » 42.6. 

3029700 

XHU-50. 

*0:9800 

SV-2000 . 

■30299*0 

BETA- 

■*030000 

0. 1 .0> 

3020 tw 

190000.1.0* 

303*200 

FBDPTS- 


10.0. 

£*'944* 

20*0. 

"r 3 0500 

20.20. 


25.20. 

>*-0'»6 -i 

29.45. 


20. r, 0* 


30 » V?» 

'0j . 

p BDMS- 

*•■» :• 1 1 M 

0. .05. 

. t '1,'hil 

. 1 . . 35 . 

.•■?:■ um 

.5*4 • 

■'■♦•? 3 If*'. 8 

1 .0. 

•r? 3 1400 

. 1 . .4, 

1 1,: , ■ 

, T * 1 .V . 

••:• • 1 ?*•? 

F2D2 - 

• /I??'? 

5E5.2E5- 1£5 

• *; .-:**•■ 

3E5-.4E5.5E 4 

, jr 1.31.. 

2Ef.4E5.5E 4 

... *. # # .4. a 

2Ef.lE5.lE4 

*;•::■»«? 

■3.0. ■> . 

•*•? i l -196* 

2E5.4Ef.5E4 


0.0-0. 


♦END 

0*32700 

♦LIST! 

00328*0 

! TYPE -5. 

*032*00 

ILEH-1 . 

*0320*0 

JT-3.10. 

9933100 

YS* 10000* 

9033200 

ZS- 10000. 

0033300 

1DAHP-1 . 

0933400 

&ELEN-15. 

0033900 

QFREO-93.2. 

0033600 

♦END 

0033700 

♦ LI ST 3 

0033800 

I TYPE’5 » 

0033900 

ILEN«2. 

0034000 

JT«t»l3» 

0034100 

YS-50000* 

0034200 

25*50000 » 

0034300 

I DAMP- 1 . 

0034400 

QELEM-15. 

0034900 

OFREO-93.3. 

0034600 

0END 

0034700 

♦LIST 3 

0034100 

ITTPE*5. 

0034900 

ILEM-3. 

0035000 

JT«10» 31 . 

0035100 

YS-50000. 

0035200 

25*50000. 

0035200 

IDAMP-1. 

003540'* 

OElEH* 15. 

00 2559 •? 

uFREO-93.3. 

0035439 

♦END 

0035™* 

♦LI ST 3 

0025: i0 

ITYPE-5. 

0025 -0-- 

IL£M*4. . 

002if-:n« 

JT r 13 . 32 . 

0034 : 

'2*50000. 

0024. 

2:50000. 

0024 . ■; •" 

IDAMP- 1 » 

003:- - 

3ELEM-15. 

002: 

2FfiEQ*93.3. 

~na ; •; 

♦END 


FBD Inputs 
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OKiamp*. iv^y. . 

OF POOR QUALITY 


Table 1. 


Two-Rotor Model with FBD, Input and Output. (Continued) 


**S6/$9 

0L1ST4 

H3680I 

I START •§ » 

003690# 

DELTA-. 00015- 

0037000 

TF1NAL* .45» 

0037100 

1PAWOL-1000 . 

0037200 

IPLMUL* 1 3 , 

0037300 

IROTI-1 » 

0037400 

0ECT I H*0 i 

0037900 

•ECRPH-2400, 

0037600 

TRHISUf n* 

0037700 

1.0i0i 

0037600 

4.0, 300 t 

0037900 

A-0 » 

0030000 

B*0i 

0036100 

C-4.25. 

0038200 

D»-5775.0p 

0036300 

UNBAL <1.11- 

0030400 

. 00005*6 * 100(0 

0038900 

GYRO <lf 1) * 

0038600 

1 *184205* 

0038700 

7*19*205, 

0038600 

NPD U , i ' * 

0038 r 00 

1*1? 

0039000 

2*1* 

0039100 

3,1 » 

0039200 

4,1, 

0039308 

4,3, 

0039400 

5*1* 

0039500 

6,1 , 

0039600 

7,1 , 

0039700 

3*1* 

0039800 

9,1 , 

0039900 

10,1 i 

0040000 

11,1, 

0040100 

11,3, 

0040200 

12,1 * 

0040300 

13,1, 

0040400 

14,1 , 

0040500 

NEPD (1,1)- 

0040600 

1,3,1 » 

0040700 

1*3.3, 

0040860 

2,6,1, 

0040908 

3,10, 1 , 

0041000 

3,10,3, 

0041100 

4,13,1 , 

0041200 

•END 
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_-AL/i l 


Table 1. Two-Rotor Model with FBD t Input and Output. (Continued) 


0041300 END OF IWOT FILE 


0341400 

itmc current program 

LIMITS FOR 

THE INPUT VARIABLES i 

0041500 

004160# 

MAX NO. OF PHYSICAL 

POINTS NOT 

LOCATED ON THE MODAL 

004170# 

0041000 

0041900 

00*2000 

OF 

MAX. NO. 
PHYSICAL 

MAX. NO. 

004: 

SUBSYSTEM 

POINTS 

OF MODES 

00 ^ 

004. i 
0042400 

1 

10 

15 

£042500 

2 

10 

15 

£042600 

3 

10 

5 

0042700 

4 

10 

15 

4042900 

5 

10 

15 

-042900 

6 

10 

5 

4 3000 

7 

20 

30 

■?*4 il90 

s 

0 

30 

Z043200 

Q 

_0 

i 

, 04?3P 

:9 

10 

:0 

00434. 4 

n 

10 

20 

404350# 

*043600 

4043^00 

MAX. NO. OF FHYSRAL 

POINTS FOR 

SUBSYSTEM 12 C~HER ' 

404 3300 

MAX . NO. OF PHYSICAL 

POINTS POR 

3UKYSTEM 13 OTHER 

0043900 

NUMBER OF MODES FOR 

SUBSYSTEM l 

2 = 2 

0044000 

NUMBER OF MODES FOR 

Subsystem i 

3*2 


TETRA Processed Input 
from Initial and 
Basic Input 


0044100 

MAX. 

NO. 

0044200 

MAX . 

NO. 

£04430# 

MAX . 

NO. 

9044400 

MAX . 

NO. 

£044500 

MAX . 

NO. 

0044600 

MAX . 

NO. 

0044700 

MAX . 

NO. 

004480# 

MAX . 

NO. 

0044900 

MAX . 

NO. 

0045000 

MAI . 

NO. 

£045100 

MAX . 

NO. 

0045200 

MAX. 

NO. 

£045300 

MAX. 

NO. 

£045400 


VEL< 

0045500 

MAX. 

NO. 


OF TYPE 1 PNf^I'AL CONNECTING ELEMENTS* 
OF type 2 PHYSICAL connecting element s= 
OF TY&E 3 PHYSIC AL CONNECTING ELEMENT 
Of TYPE 4 PHYSICS CONNECTING ELEMENTS* 


0*45600 

£045700 

0I438H 

0045990 


OF TYPE 5 PHYSICAL CONNECTING ELEME% r 3* 1* 

OF SPEED SEGMENTS* 10 
OF UNBALANCE BIPTh EVENTS* 20 
OF P*COS(UT> AND P*S IN i UT ) LOADS 30 
OF TIME -FORCE HISTORY LOADS 30 
NO. OF TIME-FORCE HISTORY TABLES* 1* 

OF HIME-FORCE) PAIRS IN EACH HISTORY TABLE- 1 fcf 
OF GYROSCOPIC LOAr LOCATIONS* 30 

OF (POINT, DIRECTION) PAIRS FOR WHICH COORDINATES, D! 
'CITIES, AND MODAL FORCES ARE WRITTEN TO THE PlC-T FJL 
OF (ELEMENT, POINT, DIRECTION) TRIOS FOR WHICH CONNECT 
ELEMENT FORCES ARE WRITTEN TO THE PLOT FI..E- 50 
1 INPUT DATA FOR POINTS NOT LOCATED ON ThE MODAL SUBS'STEffS- 


A SEMEN 
E" 50 
INC 


0046000 

0046100 

POINT 

CODE 

(0*FREE) 

COORDINATES v 

INCHES' -GLOBAL 

SYSTEM 

0046200 

NUMBER 

(1-FIXED) 

X 

T 

Z 

0046300 

0046400 

0046500 

31 

1 

30.000 

0.010 

0 . 00£ 

0046600 

32 

1 

90.000 

0.000 

0.000 

0046700 

9046800 

0NUMBER OF 

1 

PHYSICAL PO IN 
DATA 

T $ not on modal 
FOR MODAL SUBSYS 

SUBSYSTEMS* 2 

TEM 1 



0046900 

0047000 

0047100 

0047200 

#047300 

0047400 

0047500 

004760# 

0047700 

0047600 

0047900 

0040000 

0048100 

0040200 


SUBSYSTEM 1 VERTICAL ROTOR 

NUMBER OF SUBSYSTEM DIRECTIONS* I 


SUBSYSTEM DIRECTIONS- 

Z (GLOBAL DIRECTION 1) 

TWETA-Y (GLOBAL DIRECTION 2 ) 

0CDCRDINATES OF REFERENCE POINT RELATIVE TO GLOBAL SYSTEM (IN.) 

X* 0.000 Y* 0.000 Z* 0.000 
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ORIGINAL PACc S 

OF POOR QUALITY; 


Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


M483ff 

H4MN COORD 1MTCS Of POINTS ON 8UMVSTEM (INCHES) 

M4I5N POINT LOCAL COORDINATE ST STEM CL08AL COORDINATE SYSTEM 


N486M 

»I4S7H 

H4B8«f 

NUMBER 

X 

Y 

Z 

1 

Y 

Z 


H4«9f| 

1 

INI 

*.*#• 

INI 

. *.*•* 

ft.*** 

INI 


M499H 

2 

IP.*** 

B . ### 

*.*#* 

1*.*** 

ft.*** 

*.#*# 


0*49 1## 

3 

3#. *** 

• .ft#* 

ft.*## 

3*.*** 

ft.*** 

«.*## 


?#49Zft# 

4 

3* . #*# 

ft.##* 

ft.#** 

9f.NI 

I.Nf 

*.*## 


*3*93** 

3 

7# . *** 

#.*** 

*.9f4 

7*.*** 

ft.**# 

#.*#■> 


*04949# 

6 

9*. **# 

*.##• 

*.*«* 

9*.*** 

INI 

*.*## 


004959# 

00*96** 

*#499#* 

##499*# 

7 

•NUMBER 

•LOCAL 

1**.*#* 

OF SUBSYSTEM 

GENERALIZED 

*.*•* 

POINTS- 7 

*.*•* 

1 •*.**• 

ft.Nf 

MODE TYPE 

ft-ftft# 

GENERA^ • ZED 

*05##00 

MODE 

COORDINATE 

FREOUENCY 

POTENTIAL 

0 

•-FLEX IDLE 

generalized 

STIFFNE: i 

??301#0 

‘•#5?3** 

NUMBER 

NUMBER 

RPM 

ENERGY 

FACTOR 

1-PIGID BODY HEICHT-lB 

LB - IN 

0*50400 

; 

1 

71. 

6 . 3*7E+*1 

1**. 

1 

8.617E-#. 

•-000E -6: 


2 

2 

1*6. 

I . 6#2E+#2 

1#*. 

I 

9.970E-02 

ft . W^c*vr 

’ *50t tPr 

3 

• 3 

2289. 

1 . ##8E+03 

1*#. 

i 

1 . 3562*93 

2 .ftlTE— : :• 


4 

4 

4314. 

9.33#E+#3 

10*. 

i 

3 . 6#>c*ft ? 

1 .*#:E-fts 

#9## 

5 

? 

781*. 

l .468E**6 

1**. 

• 

1 .696E*02 

2 . 93cE-#c 


-i'5? •• ft* ftNUHBEP 0* SUBSYSTEM MODES- 5 
.-‘ft?!### #THE MOPE SHAPES FOR THIS SUBSYSTEM ARE- 


■i's’Tl 1## 

# 



MODAL DISPLACEMENTS 

NODAi 

FORCE: 

'#*12#? 

LOCAL 

GENERALIZED 


GLOBAL 

DIRECTION 

GLOBAL 

DIRECTION 

*5i ?## 

MODE 

COORDINATE 

POINT 

1 

2 

1 


a -33’.4## 

•. 4 0?;Eftft 

NUMBER 

NUMBER 

NUMBER 

7 

THETA- Y 

Z 

THETA -Y 

W3 1"#* 

1 

l 

1 

7 1 . ##### 

0.01424 

3.80#E*01 

-1 . 94*£*rv 

-#3 1 Sftft 

1 

1 

2 

-ft. 35714 

0.01424 

9.950E*0: 

-i .07:E*0: 


1 

1 

3 

-#.57187 

ft. 81420 

9.400E+0; 

-2.9ftlE*ft ■ 

. ; ‘ft?2##0 

1 

! 

L 

-#.*797 : 

0.01461 

-5 . 045E-3 1 

* I . 39e E*r I 

:*': ! ?2’ft? 

: 

1 

3- 

#.01227 

*.#146- 

-5 .0*2E-#1 

-4 . fti 2E*r2 

.•‘"‘3*2?# 

i 

I 

e 

# . 304 2? 

#.#1461 

-MllE^l 

5 . 9 7 ~ E * i? 2 

4c5; :■•? 
??324## 

l 

1 

7 

0.45037 

0.01461 

3 . 495E -ft"* 

-4 . 452E *r; 

•W323W 

2 

2 

I 

#.29907 

0.0*687 

-5.?*'E*fti 

-2. 107E*0. 

??32 ; i? fl 

2 

2 

2 

0.35656 

0.0*683 

-5.343E**! 

3 . 5? I E*02 

?’?327?? 



; 

0.49362 

i.i#689 

- 6 . 366 E*# 1 

I . 549E-0 ; 

-r3:?#r 

2 

2 

4 

3.43173 

#.00690 

-4.393E-01 

-2.£?lE-r; 

i *-?329#? 

2 

2 

5 

0.76954 

#.#0690 

-6.056E*ftl 

9 . 96rE*02 

?r53ft#ft 

2 

2 

i 

0.9*744 

0.10691 

-7 . §73E+ftl 

2.266E-02 

?ft?:-l#ft 
0ft? 3 2 #9 

2 

2 

7 

1 . 0#I00 

*.*•923 

7.733E-08 

-1 .688E-0? 

##33*## 

3 

2 

t 

0.5766# 

-0JC4: 

-5 . 2 73E+04 

5.95cE-ft? 

■*05: 4#? 

3 

2: 

2 

-0.0652? 

-ft. *3367 

-5.Z66E*#* 

1 . l29E*0t 

•?#? 33#* 

2 

3 

o 

-0.95716 

-ft. ##132 

- 4 . 7#ftE*‘ft4 

2 . 1: :c ■*■#(:■ 

##536## 

3 

3 

4 

-#.97476 

ft. 91119 

4 . 732E»#4 

2.03EE-0C 

##537## 

3 

2 

5 

-ft. 49921 

9.C2361 

3 . 194E+#4 

Z .049E-0C 

?#5:o## 

o 

2 

6 

#. 1830-9 

ft. 03102 

5.225E-J4 

9 . 894E+03 

30539## 

?#54ft## 

3 

- 

7 

0.56769 

•.#3275 

2.889E -ft? 

-7.:-72E-#:* 

##541## 

4 

4 

1 

i .62936 

#. 17763 

-2.#46E^ft5 

-8 . 94fE*ftc 

##542*0 

4 

4 

z 

l.ftft#*# 

ft. 10065 

-2.11 1E*#5 

-4 . 954E + #c 

##54?*« 

4 

4 

3 

-ft. 18*94 

ft. 00638 

-2 . 1 74E*ft5 

-2 . 706E+0C 

##544*# 

4 

4 

4 

-ft. 63954 

0.0*364 

-3.*73E**3 

1 555E ♦ftfe 

r#545*# 

4 

4 

3 

-ft. 48872 

#.#1124 

1 .98SE+04 

I .Si3E*06- 

##34 eft# 

4 

4 

6 

-ft 16196 

#.#1800 

1 . 635E+04 

1 .22BE+96 

##3-4 7## 
##348ft# 

4 

4 

7 

ft. 05333 

# . 0Z074 

-2 . 145E-#4 

9.l52E-#2 

*0549## 

5 

5 

1 

-ft. #5246 

-0.M453 

5.389E*#4 

7 . 473E*#3 

*#53#*« 

5 

3 

2 

ft.Z0384 

*.#*•#2 

3. 138E+04 

1 . 833E+#5 

**35 lift 

5 

5 

3 

ft. 388 24 

-#.#*538 

7 , 237E+93 

-6 . 255E*#3 

**552*0 

5 

5 

4 

8.41410 

-*.*•779 

-4.684E+85 

-2.339E^05 

#*553*# 

5 

3 

5 

-ft. 7394ft 

*.#1 J74 

-4..276E+#? 

S.994E*»6 

##554## 

5 

5 

6 

-ft. 88971 

#.*7735 

- 3 . 664E-*-#5 

1 . 601E+97 

##555#* 

##536ft# 

5 

3 

7 

-•.3Z63* 

#. 122*7 

-9 . 795E-03 

2.3ft5E-01 



Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


COORDINATES OF POINTS OM SUBSYSTEM < INCHES > 

LOCAL COORDINATE SYSTEM GLOBAL COORDINATE SYSTEM 

X Y Z I Y Z 


AB337M 1 DATA FOR MODAL SUBSYSTEM 2 

iesM« 

MSSYM 

DB S AM D SUBSYSTEM 2 HORIZONTAL LP ROTOR 

88341M 

MS42M 

BB343M NUMBER OF SUBSYSTEM DIRECTIONS- 2 

- 8854488 
BBSA5## 

MSA AM SUBSYSTEM DIRECTIONS- 

MSA7M V (GLOBAL DIRECTION 3) 

MS4BM THETA- Z (GLOBAL DIRECTION 4) 

MSA AM ^COORDINATES OF REFERENCE POINT RELATIVE TO CLOBAL SYSTEM (1N.> 
AAVAAA X- MM Y« A. AM Z* A. DM 

BD371M 
MS72AA 
MS73M 
MS74M POINT 
AR373M NUMBER 
MS7AM 
M577M 
A A3? AM 1 

A8379M 2 

MS8AM 3 

AA361AB A 

ABS628A 3 

AA5A7AA 4 

^AS94M 7 

HASMBA ANOHBER 
48384M 
MSB7M 
BASS AM ALOCAL 
AB589M MODE 
AB3»AM NUMBER 
A#5°lM 
AD592AA 
88393M 1 

8B394PB * 

M3938* 3 

8839*8# 4 

B8397M 5 

A839BAA ANUMBER 

M599M ATHE MODE SHAPES FOR THIS SUBSYSTEM ARE- 
AAA ABM (SIGNS IN THETA-Z DIRECTION CHANCED TO OBTAIN RICH - 


ORfQMT 
OF POO- 


QUAL 


9. AAA 

A.BM 

B.BM 

• .AM 

B.BM 

A. AAA 

I A. AM 

A. AM 

B.BM 

tA.AM 

A.BM 

A. AAA 

?A. AAA 

A. AM 

B.BM 

3B.AM 

B.BM 

A. AAA 

SB. AM 

A. ABA 

B.BM 

SB. AM 

A. AAA 

P.BrO 

7#. AM 

A. ABA 

A.BM 

7B.9M 

A. AAA 

A. AAA 

9B.AM 

B. AAA 

A.BM 

9A.AM 

A. ABA 

A. AAA 

1M.AM 

OF SUBSYSTEM 

GENERALIZED 

A. AM 

POINTS- 7 

B.BM 

IM.AM 

A.BM 

MODE TYPE 

A.AAr 

COORDINATE 

FREOUENCT 

POTENTIAL 

a 

A-FlEXIBLE 

OENERAlIIEI 

NUMBER 

RPM 

ENERGY 

FACTOR 

l -RIGID BODY HEIGHT -LB 

e 


6.3A7E*A1 

1M. 

I 

8.3i'e-a: 

f 

IBS. 

1 . 4#2E*A2 

IBB. 

1 

9. 97 A c*A; 

8 

2289. 

1.88RE*85 

1AA. 

A 

i.:-5*e-p:- 

9 

4314. 

9.538E*A5 

1AA. 

A 

S.ftArE-AS 

! A 

OF SUBSYSTEM 

7S1A . 
MODES- 9 

1.4482*94 

IBP. 

A 

1 . 49©E-r • 


CEsB -m. IJil 


- 

P£»rE- 




ABaAIM a 


modal DISPLACEMENTS 


HAM- 


COORDINATE i i STEF 
MODAL POKE'; 


AB402M 

local 

GENERALIZED 


CLOBAL 

DIRECTION 

global d: 

: RECTI Os 

AA6A3AA 

MODE 

COORDINATE 

POINT 

3 

4 

3 

4 

AB4A4M 

AA4A5BA 

AB4A4B# 

NUMBER 

NUMBER 

NUMBER 

T 

THETA-2 

Y 

T *E7A-Z 

AA4A7M 

1 

6 

I 

-l.AAMA 

-8.81424 

8 . 8AAE-A1 

1 . t4A€-A2 

MG ABM 

I 

4 

2 

-A.A3714 

-8.81424 

8.938E*8( 

I.874E-A3 

BB4A9M 

l 

6 

3 

-A. 37187 

-8.81428 

9.488E+A1 

2.9AlC«*3 

MtiAM 

i 

4 

4 

-A. 27974 

-8.81441 

-5.A43C-A1 

1 . C*9ft£*B3 

M611M 

i 

ft 

5 

f. 81227 

-8.81441 

-5.##2E*fI 

4.AS3E+82 

MeiZM 

l 

4 

4 

8.38423 

-8- 81441 

-5.1 1 lE*Ai 

-5 . 977E-A2 

AB413M 

M414M 

i 

6 

7 

8.43837 

-8.81441 

3 . 495E-87 

4.453E-8c 

BBilSM 

2 

7 

1 

8.28889 

-8. #8487 

-3-7A2E*Al 

2.1#7E*P1 

AB414M 

» 

7 

-» 

8.3343ft 

-A.AB4A0 

-5.843E+A1 

-3.3?lE*#2 

M617M 

2 

7 

3 

8.49342 

-8.M4S9 

-6.346E-A1 

-1.549E*A3 

AD418M 

2 

7 

4 

8.43173 

-8.8B498 

-4.B98E*#! 

2 . 881E-A1 

AB419M 

2 

7 

5 

8.74934 

-8.88498 

-6.A54E*A1 

-9.948E*82 

BR42AM 

2 

7 

6 

8.98744 

-8.88491 

-7.A73E*A1 

-2 -244E*A3 

##42 1M 
AB422M 

2 

7 

7 

1 .8BBBA 

-8.88923 

7.733E-88 

I .4882- A5 

AB423M 

3 

6 

J 

8.37448 

B.B4283 

-5.278£*A4 

-5.95ftE*A5 

M6Z4M 

3 

8 

■» 

8.84323 

8 . #3347 

-5 . 244E*A4 

-1 . I29£*#6 

AB423M 

3 

8 

3 

-8.93714 

8.M132 

-4 . 7ABE+84 

-2 . 148£*A6 

AA424M 

3 

8 

4 

-8.97474 

-8.81119 

4.732E*A4 

-3.8382*84 

AB4Z7M 

3 

8 

3 

-8.49921 

-8.82341 

3.194E*A4 

-2.849E*8d 

AA6ZAM 

3 

8 

4 

8.18389 

-8.83182 

S.223€*A4 

-9.894E*85 

AA4Z9AA 

M43AM 

3 

8 

7 

f. 34748 

-8.83278 

2.88BC-A5 

7. 372E-83 

##431 BA 

4 

4 

I 

8.42934 

-8.17743 

-2.844£*#S 

8.948E*84 

M432AA 

4 

9 

2 

1.8BM8 

-8.1B843 

-Z.M1E*AS 

4 . 9542*84 

AA433AA 

4 

9 

3 

-8.1M94 

•8.B8438 

-2. I74E*AS 

2 . 78*2*84 

M434AA 

4 

9 

4 

-8.43934 

-8.M344 

-3. A73E*83 

-1 . 333£*B4 

M435AA 

4 

9 

5 

*8.48872 

-8.81124 

l.BB3C*A4 

-1.3182*84 

AA434M 

4 

9 

4 

-8.14194 

-8.81M8 

1 .4332*94 

-1 .2282*84 

M437M 

M43BBA 

4 

9 

7 

8.83338 

-8.82874 

-2.143C-A4 

-9. 132E-83 

AA439AA 

3 

t« 

I 

-8.83244 

8.M453 

5.589E*A4 

-7.473f*B5 

M44AM 

3 

1A 

2 

8.28384 

-8.8BM2 

3. 138E*#4 

-l.$83E*B3 

M441M 

3 

IA 

3 

8.38824 

8.B8338 

7.237E*03 

4.2332*83 

M442M 

3 

IP 

4 

8.41418 

8.M779 

-4 . 484E+A5 

2.339E*85 

M443AA 

3 

1A 

3 

-8.73948 

-8.81374 

-4.2742*95 

-A.994fi*84 

AA444M 

3 

If 

ft 

-8.88971 

-8.87733 

-3.444E+85 

-1.4812*87 

M44SAA 

AA444M 

3 

1A 

i 

-8.32438 

-8.12287 

-9.783E-83 

-Z.583E-81 



OF POOH QUALITY 

Table 1. Two-Rotor Model vith FBD, Input and Output. (Continued) 


H06470P l DATA FOR MODAL SUBSYSTEM 4 

ppmppp 

P0*49#P 

P0c5Pi*P SUBSYSTEM 4 -—HP ROTOR VERT.--- 

*P:5:e0 

NUMBER OP SUBSYSTEM DIRECT IONS* 2 

■»0t540f 

fPtss** 

0P65o00 SUBSYSTEM BIREC T IONS- 

4r6579# 2 ivlQiAL DIRECTION 1* 

THE'A-f iCLOBAi. DIRECTION 2i 

?-:c57#E •COORDINATES OP REFERENCE POINT RELATIVE TO CLOBAl SYSTEM *IN. 
■»■?««■* I* T> ».0M Z* ».Ni> 

^t:3W COORDINATES OF POINTS ON SUBSYSTEM i INCHES ; 

>0ee-4M POINT LOCAL COORDINATE SYSTEM ClOBAl COORDINATE SYSTEM 

■r?i-:3P0 NUMBER Y f I I r 2 

^ct^r 


*A6t 

c 

?.#•• 

i.M0 

0.900 

A. MR 

0.000 ».m 



•: i?70f 

w 

IP. 00? 

0.09# 

MM 

10.909 

0.000 0.000 




IP 

IP. 00.* 

*.»N 

i.Mi 

?#.M# 

0.000 p.m 



a *Sc ~ : <*- 

! 1 

is.w 

I.Hf 

».#M 

5».Mf 

4. m f.Mr 




i L 

7f-0#P 

0.*## 


70.90P 

4.0P0 0-POr 



i-rt'CPP 

; 2- 

rf.*p r 

p.m 

9.99# 

M.Mf 

0-000 P.Pfr 



. J r6 T 4Pf 

14 

IPP.PPP 

• f N 

MM 

H.M« 

MM P.PPr 




•NUMBER 

OF SUBSYSTEM 

POINTS* 7 






•rfc ?6P«* 









»r;TY« 



. 







•LuC Al 

GENERALIZED 




MODE type 

I £\EA»-. . LSI 

. -i - 


MODE 

COORDINATE 

FREQUENCY 

potential 

0 

0 * flexible general i is: 

S : : ?S: - : 

; - 1 

ffiSfPP 

NUMBER 

NUMBER 

RPM 

ENERGY 

FACTOR 

l-RICID BOD* HE!CH7-_6 

LO.'lr- 

- .. :■ - • • 

? fislP0 









006SZJ* 









M0iS39f 

1 

i : 


1 .066E-02 

1M0P. 

1 4 . y 1 t£-r2 

3 . OrPE-O. 


’foeW 

’ 

j; 

;7p. 

1 .909E+P2 


i 4 .c:*'E*pz 

•.PPPE-r? 

r ;£- 

rPcSTPf 


1? 

5356. 

Z . 358E+95 

1W». 

4 T.~ : ;t-PZ 

- . ~ I T£-0- 

: 

-f: j:0P 

4 

14 

9341 . 

\.911£+9t 

i#m. 

p s.2T4e*p: 

G .E44£— r? 



*?<?-? f NUMBER v e SUBSYSTEM MODES* 4 

a t H£ mode SHARES FOR THIS SUBS v STEM ARE- 

=f -;*?* t? MOD At DISPLACEMENTS HGDAl force- 

-•* .vCAl GEN£ R Al I ZEI GLOBAL DIRECTION OlOBAl DIRE’. T .ON 

. v?MM* MODE COORDINATE POINT l 0 1 1 


?? = -20r 
?Oc - 3PP 

uft-ipp 

number 

NUMBER 

NUMBER 

* 

theta- y 

- 

' f H£~A-r 


1 

1 1 

9 

-1.00000 

0.01165 

I .903E-MR1 

- 1 . 61 S£*«* I 

■4ft 9600 

1 

1 2 

j 

-0.88342 

0.01165 

i . 004£*P2 

-4.Sf2£-P^ 

r*06*?00 

: 

il 

10 

-0.65007 

0.01165 

1 .7"t1E-P2 

-3.029£»03 

•Pe9?00 

i 

1 1 

1 1 

-9.41399 

0.01162 

-5.479E-01 

-1 .079E*i: 

?06??0p 

l 

1 I 

12 

-0.I77S2 

0.01181 

-2.1 86E*#1 

-2 . 454E*0Z 

•0?9§0? 

\ 

1 1 

13 

0.05839 

0.01191 

-2 .002E-91 

1 .01 7E+P2 

f47f I PP 

?p?p:pe 

1 

1 l 

14 

0.17632 

0.01131 

2.023E-07 

-7.576E-07 

0070300 

l 

12 

3 

-0.31700 

0.01342 

2.354£^Pl 

-3.530E*fl 

M704M 

Z 

« i 

o 

-0.18277 

0.01342 

4.767E+91 

-3.41 3F*#2 

0070SP0 

■ 

12 

10 

0.08574 

0.01342 

4 . 771E+91 

-1.465E^03 

0079600 

2 

.2 

! 1 

0.34742 

0.01307 

9.747Em 

-3 .035E»0 r 

•070700 

G 

12 

12 

0.0086? 

0.01306 

-1 .337E-^92 

-2 . 736E^03' 

0070800 

z 

12 

13 

0.86933 

0.01306 

-2 .959E^92 

8.113E»02 

•070900 

PP71PPP 

2 

11 

14 

1 .00000 

0.01306 

-1.5llE-tf^ 

MMEtM 

•971190 

3 

1 3 

8 

i . 00000 

-0.02843 

-7.336E*94 

7. 393E^04 

P0712PP 

3 

13 

0 

0.62032 

-0.02772 

-1 ,343E^95 

9.516E^95 

P07J3BP 

3 

13 

IP 

-P.30390 

-9.01903 

-1 .515E*95 

4.41 1E+06 

•0714PP 

3 

13 

11 

-0.74487 

-•.99944 

4 . 949E+94 

6.28«C^96 

0071590 

3 

13 

12 

-0.31603 

9.91819 

1.731E^95 

4 . 331E+96 

0071600 

3 

13 

13 

0.59083 

9.92679 

1 . 132C*#5 

8.418£^«5 

0071700 

0071000 

3 

13 

14 

0.95394 

9.92741 

1.592E-94 

6.272E-03 

0071900 

4 

14 

8 

-1.00000 

9.94329 

2 .231E+05 

-3.414E+95 

00 7 Z #00 

4 

14 

9 

-0.27952 

9.94977 

3 . 349E^95 

-3.2l7E*9t 

007^100 

4 

14 

10 

0.96254 

9.91983 

-9.397E*04 

-8.439C+94 

0072200 

4 

14 

11 

-0.03732 

9.99352 

•S.656£y95 

1.11 7E*95 

0072300 

4 

14 

12 

-0.94433 

9.92998 

1.193E*95 

8.942EY-96 

4072400 

4 

14 

13 

0.25682 

9.94953 

2.722E^95 

2.999E+96 

4072500 

0072600 

4 

14 

14 

0.96350 

9.94288 

-3.679C-94 

9.999E-*## 


52 



or!®* .:. ; :j 
OF POO/* QC/rTY 

Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


M727M 1 DATA FOR NOOAL SUBSYSTEM 5 

##72B## 

##729## 

H73MI SUBSYSTEM 5 HP HOT Oft HORIZ. 

#•731## 

•#732## 

##733## NUMBER OF SUBSYSTEM DIRECTIONS- 2 

#•734## 

##739## 

#•734## SUBSYSTEM DIRECTIONS- 

##737## Y (ClOtAL DIRECTION 3) 

##738## THETA-Z (Cl. ORAL DIRECTION 4) 

##73### •COORDINATES OF REFERENCE POINT RELATIVE TO CLO#AL SYSTEM UN.) 


##7«### 

«* # 

### 

T« «••# 

z* 

#.##• 


##741## 

#0742## 

•#743## 

##?*4## 

POINT 

LOCAL 

COORDINATES 

COORDINATE 

OF POINTS 
STSTEN 

ON SUBSYSTEM (INCHES 
CL ORAi. COORDINATE 

STSTEN 

##74*.## 

NUMBER 

1 

T 

z 

I 

Y 

Z 

##746^# 

##737## 

## 7 40#* 

3 

#.### 

#.### 

#.##• 

*.#•# 

#.### 

#.### 

##’**•# 

9 

I#.### 

#.#•# 

#.### 

I#.### 

#.### 

#.### 

##75##? 

1# 

3#.### 

#.##• 

#.#•# 

3#.### 

• .### 

#.##*■ 

##75 

11 

5#.### 

#.### 

#.### 

5#.### 

#.### 

#.##* 

##752#. 

IZ 

7#.### 

#.#•# 

•-•## 

7#.### 

MN 

• .### 

##753## 

13 

##..*•# 

#.##• 

#.### 

90 . 0 ## 

#.#•# 

«.### 

##754## 

14 

1 ##.##• 

».### 

#.### 

1 •#.### 

#.### 

#.### 


•$#7550# PNUHBER OF SUBSYSTEM *>OINT$- 7 
##796## 

##757## 


#•75### 

•LOCAL 

GENERALIZED 




NODE TYRE 


EnF-A L lJE 

♦#75°## 

NODE 

COORDINATE 

FftCOUCNCT 

POTENTIAL 

0 

••flexible generalized 

STIFFNESS 

#•76### 

NUMBER 

NUMBER 

RPH 

ENERCT 

FACTOR 1 

•RIGID BOOT 

MEICHT-L8 

is. is 

##761## 

##761## 

##763## 

1 

15 

124 . 

1 .066E+02 

IB###. 

1 


*.*#FE-eV 

##7o4## 

2 . 

16 

170. 

1.9#9E«#2 

1###0. 

1 

4.632E~#2 

#.###£-?■? 

##745## 

3 

17 

5356. 

2-33#C«#5 

i####. 

• 

5.792E*#2 

4.7«5E-r5 

##766## 

4 

18 

9341 . 

1 .#22E+#6 

i####. 

# 

8.C54E-*#: 


#0767## 

•NUMBER 

OF SUBSYSTEN 

NODES* 4 






#•768## 

•THE NODE SHAPES FOR 

THIS SUBSYSTEM ARE- 





#•76### 

(SIGNS 

IN THETA-Z DIRECTION CHANCED TO OBTAIN RIGHT 

HAND COORDINATE SYSTEM » 


##77### 

• 



NODAL DISPLACE HENTS 

NODAL 

FORCES 


•#771## 

LOCAL 

GENERALIZED 


GLOBAL DIRECTION 

global 

DIRECTION 


•#772## 

NODE 

COORDINATE 

POINT 

3 

4 

3 

4 


##773## 

##774## 

•#775## 

NUMBER 

NUMBER 

NUHBER 

T 

THETA-Z 

T 

thcta-z 


##776## 

1 

15 

0 

-l.##### 

-B.01U5 

3.900E-*#! 

1.613C-01 


••777## 

1 

15 

9 

-#.••342 

-*.#U65 

l.##4E+#2 

4.39ZE*#2 


##770## 

1 

15 

1# 

-#.65##7 

*#.01165 

1 . 791E+02 

3.#29f#: 


••779## 

1 

15 

11 

-f. 41399 

-#.#1192 

-5.474E*#! 

!.07#E*#3 


#0/0### 

I 

15 

12 

-#. 177B2 

-#.#1101 

-2.iN€*ll 

2. 4541-02 


##701## 

1 

15 

13 

#.#5B39 

-f.illBl 

*Z.##2E*#1 

-1.#17E*#2 


#•762## 

##703## 

1 

15 

14 

#.17653 

*#.#1101 

2.023E*#7 

7.576€-#7 


#•704## 

2 

16 

0 

-#.317## 

*#.#1342 

2.354E+01 

3.53#E*#1 


##785## 

2 

16 

9 

-#. 1B277 

*•.#1342 

4.767E+01 

3.413E+02 


•#706## 

2 

16 

10 

#.#•574 

-#.#1342 

4.771E*#1 

1.465E*#S 


•#707## 

2 

16 

11 

•.34742 

-#.#1307 

9.747E*## 

3.#35E*#3 


##700## 

2 

16 

12 

#.6#967 

•0.01306 

*1 . 337E+02 

2.736E*#3 


#•709## 

2 

(6 

13 

#.•6933 

-#.#1306 

-2.959E^#2 

-0.113E*#2 


#•79### 

##79i## 

t 

#. 

16 

14 

1.##### 

-#.#13#6 

-1 .51 IE-06 

#.###£♦## 


#•792## 

3 

17 

B 

1.##### 

0.02045 

-7.336E*#4 

-7.393C-04 


##793## 

3 

17 

9 

#.62032 

#.#2772 

*1 .S43C+05 

*9.516E^#5 


##794## 

3 

17 

)• 

-#.3#3B# 

0.01903 

-1.515E*#5 

-4. 4l 1E^#6 


••795## 

3 

17 

:i 

-#.74407 

#.###44 

4.94#E«*4 

-6.2B0C+06 


##796## 

3 

17 

12 

-#.31603 

*#.•101# 

1 .731E-05 

-4.331E+06 


##797## 

3 

17 

13 

#.590#3 

••2670 

1 . 132E+05 

*B.41BC«#5 


##790## 

##799## 

3 

17 

14 

0.935B4 

-#.#2741 

1.592E*#4 

-6.272E-03 


####### 

4 

IB 

• 

-!.#•### 

*0.04320 

2.23lE*#5 

3.414E*#5 


##8#If# 

4 

10 

9 

*#.27952 

*#.#4077 

3. 34 #€+#5 

3.217E-06 


####2## 

4 

18 

1# 

#.96254 

*#.#1903 

-9.397E^#4 

0.430E+#6 


##••?•# 

4 

10 

11 

-0.03752 

*#.#•352 

-5.650E+05 

-1 . 117E+B5 


##Bf4#f 

4 

18 

12 

-#.96435 

-0.#2##0 

1 . 103C *#5 

-0.042E+06 


#•005## 

4 

10 

13 

#.25602 

-f .#4053 

2.722C+05 

-2.8#9E*#6 


##0f4M 

4 

10 

14 

#.9635# 

*0.04200 

-3.679E-04 

0. •#•£>#» 



##••?#• 
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OF POOR QUALITY 


Table 1. 


Two-Rotor Model with FBD, Input 


and Output. (Continued) 


>#8#9## 

9#$>9#i 

M9lHf 

66S11## 

W1Z«» 

##ei3## 

M814N 

9#si5## 

##S16#f 

mi/N 

*#ei8## 

9>6i9## 

6682### 
ms: t## 

?#s:z#6 

^SZiN 
-66Z46# 
9681366 
r-?6Z6#6 
99S27M 
•‘■‘6*1366 
~rSZ i#6 
6*3*6## 

96832*6 

>•2:3## 

^8 54?? 
998 ZS#* 
998- 3 6## 


1 


DATA FOR NODAL SODS /STEW 12 


FDD AT PT 7 OF LP HOTOR-S1HULATED TURBINE 


0TETRA POINT NUMBER FOR THE FDD CENTER OF GRAVITY* 7 
#1 -DIAMETER NODAL HEIGHT WTF* 2HJ POUNDS 
MODAL O* FAC TOR* ID#. 

STATIC FREQUENCY UF« 43. HERTZ 

NODAL TANGENTIAL SHEAR COEFFICIENT HU* 3#,# LB 

NODAL NONE NT COEFFICIENT SV« 2DDD.D IN-LB 


A 


generalized 

COORDINATE GENERALIZED 

nunder HEIGHT-lD 


GENERALIZED 
DAMPING VALUE 
<LB-SEO/IN 


19 Z.###E*#1 1.335E*->6 

ZD :.•«£♦ #2 K385E*## 

9NUNBEF OF SUBSYSTEM NODES* 2 
•? BETA 

FPN FACTOR 


9 . 1.666 

!«W#. l.Wr 

4NUMFER OF ENTFIE5 IN THE SETA FACTOR TABLE* Z 


6663386 

6693*66 8Tw£ FOLLOWING DATA IS FOR THE LOCAL POINTS ON THE FLEXIBLE i LADED &:*►> 
■?6&4*66 


668416# 

668 4266 

LOCAl 


polar 

tangential 

TRANSLATION 

AI1AL 

TRANSLATION 

NODAL 

STRESS COMPONENT ; 

#68436# 

POINT 

RADIUS 

ANCLE 

NODE SHAPE 

NODE SHAPE 

SICNA1 

SICHA2 

SIGNAZ 

##844## 

NUNDER 

INCHES 

DEGREES 

INCHES 

INCHES 

PSI 

#s: 

PSI 

#6845## 

•#846## 

##8478# 


i # . #6# 

#.# 

#.##### 

#.#5##6 

5#####. 

TJ 

1##### 

##848## 

i 

2#.### 

#.# 

#.!#### 

#.33#6# 

3####6. 

4###0# 

s##e# 

##8496# 

3 

2#.### 

3#.# 

#.1###6 

8.33### 

3##### . 

4##### 

5r86# 

988506# 

4 

25.### 

3#.# 

#.:»•## 

#.5c#6# 

2#####. 

1##### 

16666 

#6831## 

5 

3#.### 

45.# 

#.7###0 

1.##### 

#. 

# 

# 

96632## 

6 

2#.### 

9#.# 

#.1###« 

#.4#### 

3#####. 

4####r 

5#### 

#68538# 

7 

3# .### 

°l.f 

#.7#### 

1 .##### 

0. 

# 

# 

##854## 

•NUMBER 

OF LOCAL 

POINTS ON 

THE FBD* 7 






##835## 1 TOTAL NUNDER OF SUBSYSTEMS* 5 

##656## iTOTAL NUNDER OF NODES OR GENERALIZED COORDINATES* 2# 
##857## # SUMMARY of the NODES OR GENERALIZED COORDINATES- 
##836## 

##839## 


#•86### 

>#861## 

generalized 

coordinate 

GENERALIZED 

GENERALIZED 

GENERALIZED 

##862## 

number 

height 

stiffness 

DAMPING VALUE 

##86 3## 
#6864## 
#•863## 

1 

6.8l7E+#2 

#.###£♦#• 

#.###C+*6 

•#666## 

2 

9.97#£+#2 

#. ••#£♦## 

#.###E*#6 

•#867## 

3 

1 . 356E+03 

2 . • 1 7E +#5 

8.413E*## 

•#868## 

4 

3.6#9€*#3 

1 ,9#AE+#6 

4.2l9E*#l 

##869## 

5 

1.696E*#3 

2.936k+#6 

3.598E+61 

#•87### 

6 

8.817E+82 

#.###£+## 

•.##•£♦•# 

##67 iff 

7 

9.97#E*#2 

#.###£♦•• 

0. ###£+## 

##672## 

8 

1 . 3S*E*#3 

2 .#17E*#3 

8. 4i3E*## 

#•673## 

9 

3.6#9E*#3 

1 . 9#6E*#6 

4.21 9€*#1 

##874## 

1# 

1 .6962 -*#3 

2.936E*#6 

3.59fE+#l 

#•873## 

11 

4.91SE+82 

8 .###£*#• 

#.###€+## 

#•676## 

12 

4.632E+82 

#.###£+## 

#.###€*## 

•#877## 

13 

3.792E*#2 

4 ,715£*#5 

8.487E-02 

##678## 

14 

8.254E+I2 

2.844E+#* 

2.889E-01 

#•679## 

15 

4.915E+82 

# .#•#€«## 

#.#•#£♦•# 

>#68### 

16 

4,632E+#2 

#.###€+## 

#.###€+## 

##6618# 

17 

3. 79ZE+82 

4. 715C+85 

B.487E-82 

##662## 

18 

8.Z54E+82 

2 .#44E>#6 

2.089E-81 

#•683## 

19 

2.###E+#2 

• 

1 . 383E ♦## 

##684## 

2# 

2.9##E+#2 

• 

1.385E*## 


•#865## #• THE GENERALI ZtD STIFFNESS FOR THE FBD NODES VARIES WITH TINE AND IS 

##686## CALCULATED AT EACH TINE STEP. *“ 

##887## 

#•886## 
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Table 


r »>* ... ; 

Or ^-w-aLjTY 

1. Two-Rotor Model with FBD, Input and Output. (Continued) 


#•889## #$UMHARY Of the COORDINATES FOR THE PHYSICAL POINTS (NOT INCLUDING 
fMYHf THE LOCAL POINTS ON THE FBD(S) i- 

##89 If# #P01NT COORDINATES (INCHES) -CL ORAL SYSTEM 


•M9Z## 

HUMBER 

X 

Y 

Z 

##893## 

•#894## 

•#893## 

1 

#.#«* 

#.#•# 

#.### 

##894## 

2 

1#.### 

#.#•# 

#.### 

##897f# 

3 

3#.### 

#.##• 

#.### 

#•8980# 

4 

3#.«## 

#.#•# 

#.### 

#•899## 

5 

?#.### 

#.#•# 

#.### 

##9#### 

4 

«#.##• 

#.#•# 

#.### 

##9#1## 

* 7 

1##.### 

#.##• 

#.### 

9#9#2## 

8 

#.«#• 

#.### 

#.### 

##9#3## 

9 

I#.### 

#.### 

MM 

##9#4B# 

1# 

3#.### 

#.#•# 

#.### 

##9#5## 

11 

3i.f## 

#.#•# 

#.### 


12 

’MM 

#.### 

#.### 

##9#7## 

13 

9#.### 

MM 

#.### 

W9WM 

14 

1##.### 

*.### 

#.### 

■W9#9## 

31 

3#.### 

#.### 

#.### 

##91### 

32 

9#.### 

#.### 

MM 


## 9|1 ## 

12## 

#9913## 
##914## 
## 91 5 ## 
##9Ut# 
##9l 7## 
F#M9#§ 
##919#» 
##92C## 
## 921 ## 
##922## 


1 PHYSICAL CONNECTING ELEMENT NUMBER 

ELEMENT TYPE* 5 

NUMBER Of END POINTS* 2 

POINT NUMBER AT I END* 5 
POINT NUMBER AT J £nD* 1# 


l 


#•923## 

##924## NUMBER Of DIRECTIONS fOR POINT AT I END* 3 
##925## 

##92 A## 

##927## DIRECTIONS FOR POINT AT I END- 
##928## X (GLOBAL DIRECTION 5) 

##929B# Y vGLOrAL DIRECTION 3) 

##93### 2 (GLOBhL DIRECTION 1) 

##931## THCTA-Y (GLOBAL DIRECTION 2> 

##932## THETA-Z (GLOBAL DIRECTION 4) 

##933## 

•#934## 

#•935## NUMBER Of DIRECTIONS FOR POINT AT J END* 3 

»#93*i# 

•#937## 

##939## DIRECTIONS FOR POINT AT J FND- 
#•939## X (GLOBAL DIRECTION 3) 

##94### Y (GLOBAL DIRECTION 3) 

##941## Z (GLOBAL DIRECTION 1) 

••942## theta-y (Global direction z> 

##943## THETA-Z (GLOBAL DIRECTIQN 4) 

##9440# 

##945## 

•#94### SPRING CONSTANT IN X DIRECTION* #.###£+## 

##947## SPRING CONSTANT IN Y DIRECTION* l.###C*«4 

##94 B## SPRING CONSTANT IN Z DIRECTION* l.###E+#4 

##949## SPRING CONSTANT IN THETA-Y DIRECTION* #.###€+## 

•#95### SPRING CONSTANT IN THETA-Z DIRECTION* #.###€+## 

•#95l## #0-f ACTOR* 13.0 FREQUENCY- 93.3 HERTZ 

#•952## 

##953## 

##934## fDAMF INC CONSTANTS (CALCULATFO BASED ON ABOVE Q-F ACTOR AND FREQUENCY) - 

##933## 

##954## 

00937## DAMPING COEFFICIENT IN X DIRECTION- #.###€+#• 

##93B## DAMPING COEFFICIENT IN Y DIRECTION- 1.137E*## 

#•939## DAMPING COEFFICIENT IN Z DIRECTION* 1.137E+## 

#•94### DAMPING COEFFICIENT IN T*TA-Y DIRECTION* #.###€♦## 

#•941## DAMPING COEFFICIENT IN THETA-Z DIRECTION* #.#•#€+#• 

•#942## 1 PHYSICAL CONNECTING ELEMENT NUMBER Z 

#•943## 

#•944## 
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ORissft.'.;- 

OF POOR QUALITY 


Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


*#963## ELEMENT TYPE* 3 
##966#* 

##967## 

#•968## NUMBER OE END POINTS* 2 
##969## 

##97### 

*#971## POINT NUMBER AT 1 END* 6 
##972## POINT NUMBER AT J END* 13 
*#973## 

##974## 

##973## MURDER OF DIRECTIONS FOR POINT AT I END* 5 
*#976## 

*#977## 

##978## DISECTIONS FOR POINT AT I END- 
##979*# X (GLOBAL DIRECTION 5) 

##99### Y (GLOBAL DIRECTION 3) 

##981## Z (GLOBAL DIRECTION 1) 

##991## THETA- Y (GLOBAL DIRECTION 2) 

#*983## THETA-Z (GLOBAL DIRECTION 4> 

##994#* 

##963## 

##966## NUMBER OF DIRECTIONS FOR POINT AT J END* 3 
#*987#* 

##988## 

##999## DIRECTIONS FOR POINT T J END- 
*#99### X (GLOBAL DIRECTION 3) 

##99i## y (Global direction 3> 

*#992## Z (GLOBAL DIRECTION 1) 

##993#* THETA- Y (GLOBAL DIRECTION 2> 

*#994## THETA-Z (GLOBAL DIRECTION 41 

*#995## 

##996## 

##997## SPRING CONSTANT IN X DIRECTION-- #.###£+## 

##998## SPRING CONSTANT IN Y DIRECTION* 5. ###£~*4 

##9*9## SPRING CONSTANT IN Z DIRECTION* 5.###E*#4 

#1##*## SPRING CONSTANT IN THETA-Y DIRECTION* #.##*£+*# 

# J ##1 ## SPRING CONSTANT IN 7 META -Z DIRECTION* #.##•£+## 

*1*020# #G-FAC TOR* 15. # FREQUENCY* 93.3 HERTZ 

*1*0?#* 

#1##40# 

*)##5#« #D AMP INC CONSTANTS (CALCULATED BASED ON ABOVE Q-FACTOR AND FREQUENCY) - 
#i##6#* 

#i##7## 

#10080# DAKFINC COEFFICIENT IN X DIRECTION* #.###£*## 

#1##9## DAMPING COEFFICIENT IN Y DIRECTION* 5.686E+0# 

#1#1##0 DAMPING COEFFICIENT IN Z DIRECTION* 3.686E**## 

#1011## DAMPING COEFFICIENT IN T*€TA-Y DIRECTION- #.###E*0# 

01#U## DAMPING COEFFICIENT IN THETA-Z DIRECTION* #.##•£*•# 

#1 #1 3## 1 PHYSICAL CONNECTING ELEMENT NUMBER 3 

#l#14i# 

#1#15## 

#1#1 6## ELEMENT TYPE* 5 

#1#17## 

01 #18## 

#1#1 900 NUMBER OF END POINTS* Z 

# 1 # 20#0 

#1021## 

#1#2Z0# POINT NUMBER AT I END* 10 
#1023## POINT NUMBER AT J END- 31 
#102400 
#1025## 

#1026## NUMBER OF DIRECTIONS FOR POINT AT I END* 3 

01027## 

#1028## 

#10290# DIRECTIONS FOR POINT AT I END- 
#1#3#0# I (GLOBAL DIRECTION 3) 

#10310# Y (GLOBAL DIRECTION 3) 

#10320# Z (GLOBAL DIRECTION 1) 

#10330# THETA-Y (GLOBAL DIRECTION 2) 

#10340# THETA-Z (GLOBAL DIRECTION 4) 

#10350# 

#10360# 
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


llf»M 

0105400 0 DA HP INC CONSTANTS (CALCULATED BASED ON ABOVE 0-FACTOR AND FREQUENCY} - 

0107700 

0105800 

0105900 DANPINC COEFFICIENT IN X DIRECTION* 0.000E+00 

0104000 DA HP INC COEFFICIENT IN Y DIRECTION- 5.484E+B0 

0100100 DANPINC COEFFICIENT IN Z DIRECTION- 5.464E+00 

0100200 DANPINC COEFFICIENT IN T)CTA-Y DIRECTION- 0.000E+00 

0106300 DANPINC COEFFICIENT IN TMETA-Z DIRECTION- B.000E+00 

0100400 I PHYSICAL CONNECTING ELENENT NUNKR 4 

#100500 
0100000 

0100700 ELENENT TYPE- 5 

0100800 

0100900 

010700# NUMBER OF END POINTS- Z 

#107100 

0107200 

0107300 POINT NUMBER AT I END- 13 
0107400 POINT NUMBER AT J END- 32 
#107500 

#107400 

#107700 NUMBER OF DIRECTIONS FOR POINT AT I END- 5 
010780# 

0107900 

0108000 DIRECTIONS FOR POINT AT I END- 
0108100 X i GLOBAL DIRECTION 5) 

0108200 Y (GLOBAL DIRECTION 3) 

0108300 Z (GLOBAL DIRECTION 1) 

0106400 ThCTA-Y (GLOBAL DIRECTION 2) 

0108500 THETA-Z (GLOBAL DIRECTION 4> 

0106400 

0106700 

0108800 NUNKR OF DIRECTIONS FOR POINT AT J END- 5 

0106900 

•109000 

0109100 DIRECTIONS FOR POINT AT J END- 
0109200 X (GLOBAL DIRECTION 5> 

0109300 Y (GLOBAL DIRECTION 3) 

0109400 Z (GLOBAL DIRECTION 1) 

0109500 THETA- T (GLOBAL DIRECTION 2> 

0109400 THETA-Z (GLOBAL DIRECTION 4) 

•109700 

0109800 

0109900 SPRINC CONSTANT IN X DIRECTION- 0.000E+00 

0110000 SPRING CONSTANT IN Y DIRECTION- 3.000E*«4 

0110100 SPRING CONSTANT IN Z DIRECTION- 3.000E+04 

0110200 SPRINC CONSTANT IN THETA-Y DIRECTION- 0.800C-00 

0110300 SPRINC CONSTANT IN THETA-Z DIRECTION- 0.000E+00 

0110400 00-FACTCR* 15.0 FREQUENCY- 93.3 HERTZ 

0110500 
0110400 

0I11Z00 DANPINC COEFFICIENT IN Z DIRECTION* 5.464E+00 
0111300 DANPINC COEFFICIENT IN TXTA-Y DIRECTION* 0.000E+00 

0111400 DANPINC COEFFICIENT IN THETA-Z DIRECTION* 0.M0C-+0 

0111500 I NUNKR OF TYPE I PHYSICAL CONNECTING CLEMENTS* 0 

0111400 0NUNKR OF TYPE Z PHYSICAL CONNECTING ELEMENTS* 0 

0111700 0NUNKR OF TYPE 3 PHYSICAL CONNECTING ELEMENTS* 0 

0111900 0NUNKR OF TYPE 4 PHYSICAL CONNECTING ELENENTS* 0 

0111900 0NUNKR OF TYPE 5 PHYSICAL CONNECTING ELEMENTS* 4 

0112000 0TO7AL NUMBER OF PHYSICAL CONNECTING CLEMENTS* 4 
011210# 0TH1S RUN IS NOT A RESTART RUN. 

( t 122P0 0TIME STEP- 0.000150 SECONDS 
0112100 FINAL TIME- 0.450000 SECONDS 
fill 40C PRINT MULTIPLE- 1000 

0.11 SAL PLOT MULTIPLE* 13 

.9'. 1L4P0 ^INDEPENDENT ROTOR NUMBER (ONE FOR WHICH SPEED-TIME HISTORY IS INPUT)- I 
4*;lZV*0 
0 - 1281 * . 

ti<2<«0 BEGINNING TIME FOR FIRST SEGMENT- S. 00000 SECONDS 

beginning shed for first kchent* 2490 . rpm 

01.3*00 

0.V3/00 

iti:s-00 ENDING ACCEL 

011 3*80 TINE RATE 

0 1 l 3500 SEGMENT SECONDS RPM/SCC 

011 3400 
0113700 

0113800 1 1.000000 0. 

0113900 Z 4.000000 300. 

0114000 0TO1AL NUMBER OF SPEED SEGMENTS FOR INDEPENDENT ROTOR SPEED-TIME 

•? 114100 HISTORY* Z 

01 : 200 0DE PENDENT ROTOR NUNKR- 2 

0114300 

0U4400 

0114500 THE SPEED POLYNOMIAL COEFFICIENTS FOR THE DEPENDENT ROTOR RRE- 
M 14400 A* 0.000 B* 0.00# C* 4.Z5 D* -0.37BE-04 

0114700 •SUMMARY OF UNBALANCE LOAD INPUT- 
01 14B0B 
0114900 
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OF POOR QUALITY 

Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


15BBB 
•Ml?!## 
ri 152*0 
** . i 5 ; 0 i? 
0115400 
•-■‘115500 
■i*! 15600 
:■ 1 1 5700 
:•! 15S0B 
115*00 
■? 116300 
Cl 16100 
■-U6:00 
‘1 . : 100 
:■* ic 4 Br 
.*. 15 500 

4 1 let-00 
:■ lie 
■ i 1 ; 500 


BIRTH POIMT 
TIME (SEC. > NUMBER 


MAGNITUDE PHASE ANCLE 
CM- IN DECREES 


0.00005 8 100. 0.0 

0TGTAL NUMBER OF UNBALANCE BIRTH EVENTS* 1 
0TOTAL NUMBER OF P*COS(WT) AND P»SIN(UT) LOADS* 
0TOTAL NUMBER OF TIME-FORCE HISTORY LOADS* 0 
BSUHMARY OF THE GYROSCOPIC LOAD INPUT- 


POLAR MOMENT 

POINT OF INERTIA 

NUMBER uB- IN**2 


! 1S4Z05. 

7 154205. 

•CTuTAl NUMBER OF CVRD LOAD LOCATIONS* 2 




One Time Output Shown 
at Speed Range, Maes 
Matrix and its Inverse 


- *-00 
. 17000 

: i ~100 1 THE FOLLOW INC ROTOR SUE SYSTEMS INCLUDE THE POINT (S) FOR THE C.C.(S) OF THE FEB \ - 

; ’200 SUBSYSTEM i 

..’200 SUBSYSTEM : 

. ;’4BB B7 HE FBDiS) ARE LOCATED ON ROTOR 1. 

11 ’30* ?> T HE FOLLOW INC SUBSYSTEMS ARE FOR THE FBDi$>- - 
. ; 7 : v! 1 !? JUS SYSTEM 12 

— * h£ GENERALIZED COORDINATE NUMBERS FOR THE ROTOR WHICH INCLUDES THE FBD (3) AND 

c OR t hE FBD ■ S I ARE- 

I 1 2 ? 4 5 6 7 | * 10 19 20 

3 T ’T H- NUMBER OF GENERALIZED COORDINATES FOR THE ROTOR WHICH INCLUDES THE FBDiS) AND 
. r i Ur * OR THE FBDiS)* 12 


1 :Z0* 
: . 

‘THE 
3 ROW 

MASS 
1 - 

MATRIX IS AS FOLLOWS - 
2. ZSE+BB B.00E+00 

B. BBE+BB 

0 . BBE+BB 

$ . BBE+BB 

B. BBE+BB 

B.B0£+Jr 

J. Die -2 2- 



; . : 4 0'3» 
>: 1 2500 

3ft 0 w 


0. BBE+BB 
0 . BBE+BB 

7.56E-02 
2 . 58E+BB 

5.83E-02 

B . 00E+00 

0. BBE+BB 

B. BBE+BB 

f. BBE+BB 

B.0BE+00 

r . BrE+rt' 

k rl - - - 

•:-ilc60C 
/. 1 2 7 00 

0ft GW 


B . BBE+BB 
B. BBE+BB 

4.78E-02 
B. BBE+BB 

1 .29E-01 
3 . 5 1E+0B 

0 . BBE+BB 

MIE.il 

B . BBE+BB 

0 . BiTE +B0 

r.UUE-00 


: i SS0B' 
: i IE *00 

BROW 

4- 

B. BBE+BB 
0. 00E+00 

1.70E-01 
B. BBE+BB 

7.35E-02 
B. BBE+BB 

9 . 34E+BB 

0. BBE+BB 

0. BBE+BB 

0.B0E-00 

r BicE-UB 

, .. _ 

"1 1 4000* 
0 11*1 00 

BROw 

5- 

0. BBE+BB 
B . BBE+BB 

1.07E-B1 

B.B0E+0B 

6.91E-B3 

0.00E+00 

0 . BBE+BB 

4. 39E+0B 

B. BBE+BB 

0.0BE+00 

B . BrE -BB 



1 1-200 
•?: i*:00 

0ft OU 

6- 

B . BBE+BB 
0. BBE+BB 

6.32E-B1 

0. BBE+BB 

-4.22E-02 

B. BBE+BB 

9 , BBE+BB 

B. BBE+BB 

2.Z8E+0B 

B.B0E+B0 

B --BE -Br 

L 4 . 

: : i 94 00 
?1 1 ^500 

0ft ou 

7- 

0. BBE+BB 
B. BBE+BB 

-5.S3E-B2 

B. BBE+BB 

7.56E-B2 
0 .00E+0B 

0.00E+00 

0.00E+00 

B. BBE+BB 

2.58E+BB 

B . 00c— B") 

* . : :'z - 

01 ire 00 
r?l I 9700 

BROW 

8- 

B. BBE+BB 
0 . BBE+BB 

-1 .29E-01 

0. BBE+BB 

4 . 76E-B2 

MfE.II 

0. BBE+BB 

B . 00E+08 

0. BBE+BB 

B.00E+00 

3.51E+BB 

r . - *z- 

0119800 

0119900 

BROW 

9- 

0. BBE + BB 
0. BBE + BB 

-7.35E-B2 

M0E.II 

1.70E-01 

1. B0E.00 

0. BBE+BB 

0. BBE+BB 

B.BBE+B0 

B.00E+0B 

0. BBE+BB 

y . ■* 4- 

0120000 

0120100 

BROW 

10- 

B . BBF +00 
0 . BBE+BB 

-6.91E-03 

0. BBE+BB 

1.07E-01 

0 .BBE+BB 

B. BBE+BB 

0 . BBE+BB 

0. BBE+BB 

B.00E+00 

B.00E-00 

B 00C-VV 

0120200 

0120200 

0ROU 

11- 

4 . 39E+00 
7.56E-B2 

4.22E-02 

4.78E-02 

6.32E-01 
1 .70E-01 

1.07E-B1 

6.32E-B1 

-5.83E-B2 

-1.29E-01 

-7 . 35E-02 

-- 

0120400 

0120500 

0ROW 

12- 

4.22E-B2 

5.83E-02 

5.13E-01 

1.29E-01 

B. BBE+BB 

7.35E-02 

6.91E-B3 

-4.22E-02 

7.5oE-02 

4.78E-02 

1 .70E-0! 

1 

*i^M9 
0120700 
? 1 20800 

1THE 

0ROW 

6.32E-01 0.00E+00 

INVERSE OF THE HASS MATRIX IS 
1- 4.43E-B1 4.69E-B3 

5.18E-01 
AS FOLLOWS 
5.29E-B3 

9.90E-04 

1 . 12 E-B2 

0. BBE+BB 

-2.94E-03 

1.34E-B2 

t _ sse . ; 

0120900 
0121 000 

0ROW 

2 - 

9.89E-03 

4.69E-03 

-0.20E-B2 
3. 95E-01 

-6.32E-02 

4.82E-03 

6.19E-04 

5.40E-03 

2.94E-B3 

0.00E+00 

5.04£-0^ 

: .2 96 -4 ■ 

rill 100 
•0121200 

BROW 

3- 

1.83E-02 

5.292-03 

-4.58E-02 

4.82E-03 

-I.24E-01 

2.92E-B1 

1 . 4 1 E -03 

1.67E-02 

-1.34E-03 

-5.04E-03 

B.00E+00 

5.07E-C 

0121000 

0121400 

BROW 

4- 

8.61E-03 
9. 9BE-04 

-1.20E-01 

6.19E-04 

-5.18E-02 
1 .4 IE-03 

i .07E-01 

4.08E-03 

-6.66E-04 

-1.39E-03 

-5.07E-04 

0.00E-0K 

0121500 

0121600 

BROW 

5- 

5.37E-B4 
1 . 12E-02 

-2.85E-02 

5.401-03 

- 1 . 83E-03 
1.67E-02 

4.08E-03 

2.79E-01 

-9.89E-03 

-1.33E-B2 

-3.61E-03 


0121700 

0121800 

BROW 

6- 

1 .26E-17 

0. BBE+BB 

-3.56E-01 

2.94E-03 

1 . 36E-0Z 
-1.34E-03 

-6.66E-04 

-9.89E-03 

4. 43E-01 

4.69E-B3 

5.29E-03 

T . 90c - 

0121900 

0122000 

BROW 

7- 

1.12E-02 

-2.94E-B3 

6.32E-02 

#. BBE+BB 

-8.20E-02 

-5.04E-03 

-1.39E-03 

-1.83E-02 

4.69E-B3 

3.93E-01 

4.B2E-03 

6 . 1 9 £ - B " 

0122100 

0122200 

BROW 

6- 

5.40E-03 

1.34E-03 

1.24E-01 

5.04E-03 

-4.58E-0Z 

B. BBE+BB 

-5.07E-04 

-8.61E-03 

5.291-03 

4.82E-03 

2.92E-01 

1 . 4lE-Bw 

0122300 

0122400 

BROW 

9- 

1 .67E-B2 
6.66E-B4 

5.10E-02 

1.39E-03 

-1 .20E-01 
5.07E-B4 

9.991*99 

-5.37E-04 

9.90E-04 

6.19E-04 

1 .41E-03 

1 .B7E-*. 

0122500 

0112600 

BROW 

10- 

4.BBE-B3 

9.89E-B3 

1.031-03 

1.83E-02 

-2 . 85C-B2 
8.61E-03 

3.37E-04 

B. BBE+BB 

1.12E-02 

5.40E-03 

1 .67E-02 

4. BSE -01- 

0122700 

0122800 

0ft uW 

! 1 - 

2.79E-B1 

-8.2BE-B2 

-2.30E-02 

-4.50EB2 

-3.36E-01 

-1.20E-01 

-2.65E-02 

-3.56E-B1 

6.32E-02 

1 .24E-01 

5. 18E-02 

1.B3E-03 

0122900 

0123000 

: - *jw 

12- 

-2 . 38E-02 
-6.32E-02 

2. 40E+00 

-1.24E-01 

-3.40E-16 

-5.18E-02 

-1.83E-03 

2 . 38E-B2 

-8.20E-02 

-4.58E-02 

-1.Z0E-01 

-2.S3E-B2 

0123100 
0123200 
0123300 
i' 1 23400 
0123500 
0122*00 

-3.56E-B1 -3.40E-16 2.4BE+00 

RUN PRODUCES A plot file (FILE CODE 23) . 

•T:MEi» rotor speeds* and rotor ancular displacements 
■F ANY) are written onto the plot file. 

I: placements, velocities* modal forces and coordinates are written 
■'■ ro THE plot file for the following points and directions- 
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OF POOS QUALITY 


Table 1. Two-Rotor Model with FBD # Input and Output. (Continued) 


0123700 

0123600 

0123900 

0124000 

0124100 

POINT 

NUMBER 

GLOBAL 

DIRECTION 

NUMBER 

DIRECTION 

0124200 

0124300 

0124400 

1 

1 

Z 

0124500 

2 

1 

z 

0124600 

3 

1 

T 

0124700 

4 

1 

z 

0124800 

4 

3 

r 

? 12490# 

5 

1 

2 

3125000 

6 

1 

T 

3125100 

y 

1 

2 

£ 1 25200 

s' 

1 

Z 

0125300 

9 

1 

2 

0125400 

10 

1 

2 

0 125500 

11 

1 

T 

0 125600 

11 

3 

Y 

0125700 

12 

1 

2 

0125300 

13 

1 

y 

? 125900 

14 

1 

2 


? 1 26000 0TOTAL NUMBER OF POINTS AND DIRECTIONS FOR DISPLACEMENT, VELOCITY 
M 2*100 MODAL FORCE* AND COORDINATE PLOT FILE OUTPUT* U 

0126200 0THE RELATIVE DISPLACEMENT MAGNITUDE* CLEARANCE* AND FORCE MAGNITUDE 
0126300 IS WRITTEN TO THE PLOT PILE FOR ALL TYPE 3 PHYSICAL CONNECTING 
■HI 26400 ELEMENTS (RUB ELEMENTS) ( IF ANY). 

0126500 fPHYSlCAL CONNECTING ELEMENT FORCES ARE WRITTEN ONTO THE PLOT FILE FOR THE 
01 26600 FOLLOWING PHYSICAL CONNECTING ELEMENTS* POINTS* AND DIRECTIONS- 


r 126700 

0ELEHENT 

POINT 

DIRECTION 


0126800 

0126900 

0127000 

NUMBER 

NUMBER 

NUMBER 

DIRECTION 

0127100 

1 

3 

1 

Z 

0127200 

1 

3 

3 

Y 

0127300 

2 

6 

I 

z 

0127400 

3 

10 

l 

Z 

0127500 

3 

10 

3 

Y 

0127600 

4 

13 

1 

2 


3U7^0f 0TOTAL* NUMBER OF ELEMENTS* POINTS* AND DIRECTIONS FOR ELEMENT FORCE PLOT 
0127800 FILE OUTPUT * 6 

0127900 1 SUMMARY OF THE CONNECTIONS BETWEEN THE PHYSICAL CONNECTING ELEMENTS 

0123000 AND THE MODAL SUBSYSTEMS - 

0129100 

0129200 

0129300 ELEMENT 1 IS CONNECTED TO SUBSYSTEM 1 AT POINT 3 

0126400 ELEMENT 1 IS CONNECTED TO SUBSYSTEM 2 AT POINT 3 

0128500 ELEMENT 1 IS CONNECTED TO SUBSYSTEM 4 AT POINT 10 

0128600 ELEMENT 1 IS CONNECTED TO SUBSYSTEM 5 AT POINT 10 

0126700 ELEMENT 2 IS CONNECTED TO SUBSYSTEM 1 AT POINT 6 

01 28 800 ELEMENT 2 IS CONNECTED TO SUBSYSTEM 2 AT POINT 6 

0128900 ELEMENT 2 IS CONNECTED TO SUBSYSTEM 4 AT POINT 13 

0129000 ELEMENT 2 IS CONNECTED TO SUBSYSTEM 5 AT POINT 13 

0129100 ELEMENT 3 IS CONNECTED TO SUBSYSTEM 4 AT POIHJ 10 

0129200 ELEMENT 3 1$ CONNECTED TO SUBSYSTEM 5 AT POINT 10 

0129300 ELEMENT 4 1$ CONNECTED TO SUBSYSTEM 4 AT POINT 13 

0129400 ELEMENT 4 IS CONNECTED TO SUBSYSTEM 5 AT POINT 13 

0129500 0SUMMART OF THE GYRO LOAD LOCATIONS ON THE MODAL SUBSYSTEHS- 
0129600 
0129700 

0129900 POINT 1 OF SUBSYSTEM 1 IS A GYRO LOAD LOCATION 

0129900 POINT 1 OF SUBSYSTEM 2 IS A GYRO LOAD LOCATION 

#130000 POINT 7 OF SUBSYSTEM 1 IS A GYRO LOAD LOCATION 

0130100 POINT 7 OF SUBSYSTEM 2 IS A GYRO LOAD LOCATION 

TIME- 0.0000000 SECONDS 
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OF POOR QUALITY 


Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


, Response at 0.0 Sec 

ifU ; sf 1 

WU 0SPEED SEGMENT NUMBER^ 

01304#® 0RGTOR PROPERTIES FOR INDEPENDENT ROTOR (ROTOR 1)- 
0130500 
0 1 30600 

0130700 SPEED* 2400. RPM 

0130800 ACCELERATION* 0. RPM/SEC 

0130900 ANGULAR DISPLACEMENT = 0.00000000 REVOLUTIONS 

•151800 

3151900 

013:000 0 displacements in given DIRECTION 


015:100 

POINT 

X 

1 

I 

THETA-X 

thetam 

T.iE 

0132200 

NUMBER 

INCHES 

INCHES 

INCHES 

RADIANS 

RADIANS 

radians 

01 52300 
0132400 
0132500 

1 


0.00000000 

0.00000000 

0.0000000 k 4 

0.00000000 

0.0000 K t i ‘0 S 1 

3152600 

2 

0 . 00000000 

f . 00000000 

0.00000000 

0.00000000 

0.00000000 

0. 0*0000 ■?# 

3132700 

3 

0 . 00000000 

0.00000000 

0.00000000 

0.00000000 

0 . 00000000 

0.00000000 

-3132800 

4 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

r 132900 

5 

0 . 00000000 

0.00000000 

0 . 00000000 

0.00000000 

0.00000000 

0.00000000 

01:3000 

6 

0 . 00000000 

f .00000000 

0.00000000 

0.00000000 

0.00000000 

0.0000000 K ' 

•M 33100 

7 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

013320# 

S 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

"153500 

9 

0 . 00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.0000000:' 

01 

10 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.0000000* 

0155500 

11 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0133600 

12 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

01 2 3T00 

13 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

i .00000000 

0.00000000 

0125800 

14 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

01 : 3900 

31 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0. 000 L " 00 00 

0134000 

32 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0.00000000 

0134100 

0134200 

$ 

POINT 

X 

VELOCITIES IN 
v l 

GIVEN DIRECTION 

theta-x thet A- f 

ThE ' ; n -2 

0154300 

NUMBER 

IN/SEC 

IN/SEC 

IN/SEC 

RAD/ SEC 

RAD.' SEC 

RAD; SEC 

0134400 

5134500 

0134600 

1 

0.000000 

0.000000 

0.000000 

0 . 000000 

0.000000 

0 . 000000 

0134700 

2 

0.000000 

0 . 000000 

0.000000 

0 . 000000 

0.000000 

0.000000 

0154800 

3 

0.000000 

0.000000 

0.000000 

0.000000 

i .000000 

0.000000 

0134900 

4 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0135000 

5 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0 . 000000 

0135100 

6 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

#135200 

7 

0 , 000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0135300 

6 

0.000000 

r 000000 

0.000000 

0.000000 

0.000000 

0.000000 

0135400 

9 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

013550# 

10 

0.000000 

0.000000 

0.000000 

0.000000 

0 . 000000 

0.000000 

0135600 

11 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

•135700 

12 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0135800 

13 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0135900 

14 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

013600# 

31 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0136100 

32 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 
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Table 1. Two-Rotor Model with FBD, Input and Output. (Continued) 


:»1 

:2B0 

a 


FORCES CONTRIBUTED if THE SUBSYSTEM 

MODE SHAPES 




t i&e 



^POINTS ON PYLON AND POINTS NOT ON MOOAL 

SUBSYSTEMS 

EXCLUDED) 

1 


POINT 

1 

Y 

2 THETA-X 

THETA- Y 

THETA-2 


6?M* 

NUMBER 

POUNDS 

POUNDS 

POUNDS IN 

-LB 

IN-LB 

IN 

-LB 

■1 

*:00 

i 









1 

j r ‘3*? 

1 

M00 

9.999 

9.999 

0.000 

0.999 


0.000 


. -CK- 

2 

0.110 

9.999 

0.990 

0.000 

0.009 


0.00* 


V?i? 

3 

0.000 

9.999 

0.999 

0.000 

0.000 


0.000 


'*r0 

4 

Ml* 

9.999 

0.040 

0.990 

0.990 


0.000 


' * ‘M* 


0JII 

9.999 

9.099 

0.000 

0.009 


0.000 


} ■';> ** 

fc. 

M«0 

9.999 

0.909 

9.000 

0.000 


V . 00* 



“ 

Mil 

9.999 

0.000 

0.000 

0.009 


0.000 


'5r-? 

; 

Mil 

9.999 

0.900 

9.300 

9.999 


0.000 


V:*0 

V 

9.0#0 

9.999 

0.000 

0.000 

0.000 


0.000 


:tJ-i 

;0 

9. ff# 

9.999 

0.990 

0.000 

0.000 


0.00* 


7 

: i 

0.100 

9.999 

9.000 

0.991 

0.000 


0.000 


' -f? 

: 1 

0.0*0 

9.999 

0.000 

9.990 

9.000 


0 . 00* 


: 

• i 

9.999 

9.999 

0.000 

0.900 

0.000 


0 . 0*r 

. i . 

i t ,s.; 

4 

9.909 

f .999 

9 . 990 

0.990 

9.000 


0.00* 

'* ' 

: via 

n** 

?tke folloujnc is for 

THE LOCAL POINTS ON FBD NUMBER 

l- 



S40c 

£?«■? 

L0<- hl 


TANGENTIAL 

AXIAL 

STRESS 

STRESS S' 

rfiESi 



r er-? 

fg:nt 

ANCLE PSI 

DISPLACEMENT 

DISPLACEMENT 

SIGMA I 

sigma: sigma.- 


- 

1 *£■* 

NUMBER 

DECREES 

U INCHES 

V INCHES 

PSI 

PSI 

PSI 



**99 

1 

9.9 


i . 00000100 

0. 

0. 

0. 



*- i 


9.9 

39.9 

9.09099999 

0 . 00000090 

0. 

0. 

0. 

0. 



; 

*Z0S 

:< 

9.99900090 

0. 



»S0* 

•; 

39.9 

9.00000000 

0.00000000 

0. 

0. 

0. 




5 

45.0 

0.99090000 

0.00000000 

0. 

0. 

0. 


■■i : 

-500 

e 

09. i 



0. 

0. 

0. 


.‘i : 

re 00 

? 

99.9 


0.00000000 

0. 

0. 

0. 


■; ! ; 

*‘~00 

*ThE FORCES THAT THE T 

YPE 5 PHYSICAL 

CONNECTING ELEMENTS (UNCOUPLED point 




9 5*9 

•PfclNC- 

DAMPER ELEMENT 

S) EXERT ON THE 

ENGINE COMPONENTS OR GROUND ARE- 



- 1 1 • 


0 




FORCE IN GIVEN DIRECT 

ION 


?1400P0 

ELEMENT 


POINT 

X 

Y 

2 

T.-E7A- 

-Si 40109 

NUMBER 

END 

NUMBER 

POUNDS 

POUNDS 

POUNDS 

:N-lB 






0149400 

l 

I 

3 

0.000 

0.000 

9.000 

9.999 

0140500 

1 

J 

10 

0.900 

0.000 

9.000 

0.090 

0140600 

* 

I 

6 

0.000 

0.000 

0.000 

0.000 

•?1 40700 

2 

J 

13 

0.000 

0.000 

0.000 

0.000 

0140*00 

3 ‘ 

I 

10 

0.000 

0.000 

0.000 

0.000 

3140900 

2 

J 

31 

0.000 

0.000 

0.000 

0.000 

0141000 

4 

I 

13 

0.000 

0.000 

0.000 

0.000 

0141101 

4 

J 

32 

0.000 

0.000 

0.000 

0.000 

*14120# 

0THE GYROSCOPIC 

FORCES ACTING ON THE 

ROTOR LS) ARE- 




0141300 

9 


POLAR MOMENT 

Y-AXIS 

Z-AXIS 



0141400 

POINT 

ROTOR 

OF INERTIA 

MOMENT 

MOMENT 



0141500 

NUMBER 

NUMBER 

LB- IN**2 

IN-LB 

IN-LB 



0141 000 








9141700 








0141990 

1 

1 

194205. 

0.000 

0.000 



0141900 

7 

1 

194295. 

0.000 

0.000 




-• 7 : 


0 . 0B‘L 

C.f/f 

•3 . : 

®.0.V 
0.0*0 
0 . 99a 
9.9**' 
0 . 001 : 
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Table 1. Tw^-R*' tor Model with FBD, Input and Output. (Continued) 


^SUMMARY OF UNBALANCE FORCES - 


^1421 






.•142200 

i-i42300 

BIRTH 


PHASE 



■?:4.40* 

TINE POINT 

ROTOR MAGNITUDE 

ANGLE 

FORCE (Li.) 

FORCE (LB. 1 

-142500 

SECONDS NUMBER 

NUMBER CM- IN 

DECREE* 

Y-DIRECTION 

Z-DIRECTION 

.142 7-30 
r !4*:00 

0.000050 8 

2 100. 

0.0 

0.000 

0.000 

■: 1 4: >0» 

* 

GENERALIZED 




■:*14 3000 

GENERALIZED 

FORCE DUE 




14 31 0B 

COORDINATE 

TO APPLIED 




? 142 200 

NUMBER 

FORCES ONLY 




i 4 :■ 300 
-14 3403 
■114; ?00 

f 

0.000 




.■14*600 

2 

0.000 




?l«S j?00 

3 

0.000 




M 4ic0» 

4 

0.000 





? 

^-000 




. .44O00 

c 

■* 000 




. 144:0-? 

7 

■ :#0 




:■ 144*03 

8 

0.000 




: ■ 4 4 *00* 

9 

0.000 




' 4 4400 

10 

0.000 




. : -450*1 

1 1 

0.000 




rl £4t00 

1 Z 

0.000 




44^03 

1 3 

0.000 




•? 14 4*00 

14 

0.000 




. : 44900 

15 

0.000 




=’.45000 

It 

0.000 




•= 1«5100 

:7 

0.000 




■: ’-45:00 

IB 

0.000 




■: : : 45300 

1* 

0.000 




.'145400 

20 

0.000 





.>145500 Flexible blade t- disk rotor speed- 24w. rpm 

?14560* FLEXIBLE BLADED DISK NUMBER 1 BETA FACTOR- 1.00* 


='145700 

0GENERALI ZED 




generalized 

GENERALIZED 

GENERAl I ZED 


0145S00 

COORDINATE 

GENERALIZED 

GENERALIZED 

GENERALIZED 

HEIGHT 

stiffness 

DAMPING VALJE 

CE.viRA.I ZED 

•M 45900 
01 46000 
0146100 

NUMBER 

DISPLACEMENT 

velocity 

FORCE 

POUNDS 

LB/ IN 

(LB-SEC / / 1 N 

AC C Ei.ES AT I j: • 

0 146208 

l 


0.00000# 

0.0M 

0.817E+02 

0.000E*#* 

0.000E+00 

0 . 

:? 146300 

2 

0 . 00000000 

0.000000 

0.000 

9.9701*02 

R.000E+00 

0.000E*00 

6 . 

0146400 

y 

0.00000000 

0.000000 

0.000 

1 . 356E+03 

2 .01 7E+05 

6.413E*0ip 

r. 

■0146500 

4 

0.00000000 

0.000000 

0.000 

3.609E*03 

1 .9*6E*06 

4.2l9E*01 

si* . 001?'.. 

014665 ' 

5 

0.00000000 

0.000000 

0.000 

1 .696E+03 

2 . 936E*06 

3.590E*01 

0.00*0 

0 1 4 6 7 0 •* 

6 

0.00000000 

0.000 *1 

0.000 

8.617E+0Z 

0 . 000E*00 

0 . 000E+00 

0.00ii‘L 

0146800 

7 

0.00000000 

0.000000 

0.000 

9.970f*02 

0.000E+00 

0 . 000E*00 

0.00k»t 

0146*60 

6 

0.00000000 

0.000000 

0.000 

1 . 356E+03 

2 . 01 7E*05 

8.41 3E*00 

0.000* 

0147000 

9 

0.00000000 

0.000000 

1.000 

3. 609E*03 

1 .906E*06 

4.219E*01 

0.0001? 

0147100 

10 

0.00000000 

0.000000 

0.000 

1.696E*03 

2.934E*06 

3.590E+01 

0.0000 

0147200 

n 

0.00000000 

0.000000 

0.000 

4.915E+02 

i.000E*00 

0.000E*00 

0.0000 

0147300 

12 

0 00000000 

0.000000 

0.000 

4.432E+02 

0.000E*00 

0.000E*00 

0.0000 

0147400 

13 

0.00000000 

0.00000' 

0.000 

5.7921*02 

4.715E*0? 

0.407E-02 

0.0000 

0147500 

14 

0.00000000 

0.00000. 

0.000 

0.254E+02 

2.044E*06 

2.089E-01 

0.0000 

0147600 

15 

0.00000000 

A. 000000 

0.000 

4.9151*02 

0 . 000E *03 

0 . 000E+00 

0.0000 

0147700 

16 

0.00000000 

0.000000 

0.000 

4.632E*02 

0.000E*i0 

0.000E+00 

0.0000 

0 147000 

17 

0.00000000 

0.000000 

0.000 

5.792E*02 

4 . 7 15E*05 

8. 4072-02 

0.0000 

0147900 

16 

0.00000000 

0.000000 

0.000 

8.254E*02 

2 . 044E*06 

2.089E-01 

0.0000 

0 1 48000 

19 

0.00000000 

0.000000 

0.000 

2.000E*02 

3.70PF+04 

1 . 385E+00 

0.0000 

0146100 

20 

0.00000000 0.000009 0.000 

TIME- 0.15 *000 SECONDS 

2.000E*02 

3.7001*04 

1.385E *00 

0.0000 
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ORIGIN; 1 r ' — n 
0F QUALITY 


Table 1 Two-Rotor Model with FED, Input and Output (Continued) 


^U8iN 1 

01 4834# 4SPEED SEGMENT NUMBER* 1~ 

#148444 0*0 TO* PROPERTIES FOR INDEPENDENT ROTOR (ROTOR 1) - 

0)48544 

0148444 

0146700 SPEED* 2444. RPR 

0148844 ACCELERATION* 0. RPfl/SEC 

0148900 ANGULAR DISPLACEMENT* 4.44444444 REVOLUTIONS 

0149004 

014*;?; 

0149204 0*0 TO* PROPERTIES FOR DEPEWENT ROTOR (ROTOR 2>- 

0149340 

4149400 

0149544 SPEED* 4475. RPN 

4149644 ACCELERATION* 4. RPN/SCC 

0149700 ANGULAR DISPLACEMENT * 11.44254444 REVOLUTIONS 

014«940 

3149900 


4150000 

0 



DISPLACEMENTS IN 

GIVEN DIRECTION 


41! #0 

POINT 


X 

Y 

2 

theta-x 

TH£ t A-Y 

THETA-Z 

7*154200 

0150500 

4150400 

NUMBER 


INCHES 

INCHES 

INCHES 

RADIANS 

RADIANS 

RADIANS 

0150504 

I 



0.04024331 

•0.44024428 

0.44444440 

0.00440765 

# - ***** : r. 

015064# 

2 


00000000 

0.04422214 

•0.44011448 

0.00404440 

#.00400651 

0.040401 

*•-50'## 

3 


40044400 

0.44417444 

4.44047909 


4.44400v7& 

0.000f#:i4 

0150&00 

4 


40004400 

0.00J 13492 

0.44409544 

0 « MhMMHMMi 

0.0440k>lc4 

0.004«#224 

150*00 

5 



0.44448740 

4.44444499 

A 4AAJA11A 
«r * ^rrVVrVr 

0 . 00##0?SS 

#.04##v>.2. 

■151000 

t 



0.04404288 

-0.04011770 

MIMMW 

0.000004^3 

#.#4400232 

-l5i!00 

f 


00000400 

0. 04402245 

•0.40018447 

0 * 00000000 

0.000005## 

# . 00008216 

*151.00 

3 


00004400 

-#.#4445547 

0.04125119 

0 * 00000000 

0 .#0##i956 

•0.0000053 1 

-15130# 

9 


0044440# 

- #.20042586 

0.00102543 

0 0040000# 

#.##001934 

-0 . 0J000D04 

-151400 

1# 


#»»#### 

-0.44457271 

0.04457040 

0.04444440 

0.04401698 

•0.000063?: 

-151500 

11 


0####### 

-#.44432248 

0.40032006 

#. 000# 000# 

0.00001408 

-0.00041146 

■ 4 l5l 600 

12 


0000400# 

P.00001886 

0.44015340 

0.4444444# 

0.0#001?34 

•0.0000124c 

-151700 

13 


0#0##0## 

#.44427554 

-0.04011532 

# . #44###4# 

0.00001289 

-0.00001210 

-15130* 

14 


####0000 

#.00038813 

-0.00026531 

0.44444444 

0.00001398 

•0.0800120? 

? 151900 

?1 



# • 00000000 

M MBMBMMMB 
W • WwWWWw I'V 

0 . 4444444# 

r . riff frFr 

#.##000000 

0i5:##0 

32 


>0000000 

0 * 44404040 

0 . 04044400 

#.444#44## 

0.00040#0# 

0 . #0000000 

?i5:i0« 

0 




'ElQCiTlES IN 

Cl VI * DIRECTION 


015220# 

POINT 


X 

Y 

2 

THETA-X 

theta-y 

THETA-Z 

■*1152?## 

015140# 

015250# 

NUMBER 


IN/SEC 

IN/SEC 

IN/ SEC 

RAD /SEC 

RAD /SEC 

RAD/SEC 

#152400 

1 


0.004400 

0.008859 

0.021180 

0.00#00# 

-f.#4#2#5 

0.00#zs:- 

015270# 

■7 


0.000000 

•0.449804 

0.019610 

0.444444 

-0.444225 

#.###364 

01528## 

3 


0.000040 

-0.042427 

0.015766 

0.444444 

•4.444301 

•#.###316 

01529## 

4 


0.000000 

•0.038352 

0.009724 

0.444444 

•0.040346 

-0.#0#777 

0153### 

5 


0.000000 

•8.011411 

0.003483 

0.44444# 

•0.400418 

-§.0#1228 

#1531 9 

6 


0.004400 

0.022152 

•0.004932 

0.44444# 

•0.000537 

•#.##14 1 7 

0153240 

7 


0.044400 

0.039845 

•4.010203 

f .4444## 

•0.444607 

•0.001436 

015330# 

8 


0.004000 

4.443874 

-0.259642 

0.44444# 

0.002029 

•0.001591 

0153400 

9 


0.004400 

0.038147 

•0 .252994 

0.0#000# 

0.042140 

-#.••1435 

0153500 

10 


0.004400 

4.491441 

-0.242791 

0. ##444# 

0.043226 

-#.###119 

015364# 

11 


0.0000#0 

0. 444375 

-0.140344 

0.4#444# 

4.444743 

*.•#•78 

0153700 

12 


4.044400 

-0.078434 

0.007541 

0.44444# 

0.445Z71 

-0.000525 

0153840 

13 


0.004400 

*0.447)53 

4.11 6753 

0.444444 

4.445144 

-0.001986 

0)53900 

14 


0.004400 

4.033945 

0.164752 

4.444444 

0.445113 

-0.002154 

0154000 

31 


0.004400 

4 444444 

0.444444 

4.44444# 

0.444444 

0.044440 

0154100 

32 


0.044440 

0.044444 

4.444444 

0.44444# 

4.444444 

0.00444# 
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Table 1, Two-Rotor Model with FBD, Input and Output. (Continued) 





FORCES CONTRIBUTED BY THE 

SUBSYSTEM 

MOTE SHAPES 



154 30* 



(POINTS ON PYLON AND POINTS NOT ON NODAL 

SUBSYSTEMS 

EXCLUDED) 


: :‘-44*tf 

POINT 

I 

T 

2 THETA- I 

THETA- Y 

HETA-Z 


; 

154-r*' 

NUMBER 

ROUNDS 

POUNDS 

POUNDS 

IN-LB 

IN-LB 

in-lb 


i543r# 

1 

0.00# 

-0.433 

11.828 

0.000 

-50.428 

17.352 


•••1:490* 

2 

#.000 

-9.440 

11.003 

0.000 

-177.465 

13.132 


: 

• 

#.000 

-0.403 

10.352 

0.000 

-400.946 

4.526 


1 55 1 vt 

4 

0.000 

0.538 

-13.209 

0.000 

-596.487 

-1.727 


155.0* 

5 

*.*00 

&.518 

-13.892 

0.000 

-323.209 

9.015 


.!!•« 

c 

#.#»0 

0.445 

-13.434 

0.000 

-47.562 

16.445 


. 55400 

V 

#.#00 

0.000 

0.000 

0.000 

0.000 

0 . 00 # 


: "5*0* 

• 

#.### 

-22.299 

-23.12? 

0.000 

31.430 

-29.934 


: 55:00 

9 

#.000 

-38.241 

-39.203 

0.000 

322.489 

-309.92# 



1* 

#.#00 

-10.538 

-9.095 

0.000 

1043.351 

-1022.199 


: i“5:#r 

• 1 

#.#00 

41.545 

44.640 

0.000 

635.734 

-664.03# 


• . * * ' ## 

1 2 

#.*00 

11.975 

10.004 

0.000 

-119.134 

37.272 


=040 


#. ### 

-4.997 

-7.409 

0.000 

-110.54# 

0c. 4c 7 


• ; 5 = i 00 

14 

#.#00 

#.000 

0.000 

0.000 

• ### 

0 ,#*r 


- : 

* 7 r;t FOl 

LON INC IS FOR THE LOCAL POINTS ON FID NUMBER 1- 




:• i 5 : 100 
' .5:400 




' 





• : *..-530 

lOC Al 


TANGENTIAL 

AXIAL 

STRESS 

STRESS STRESS 


.15= =00 

POINT 

ANCuE PS! 

DISPLACEMENT 

DISPLACEMENT 

SIGMA; 

SICHA2 SIGMA 3 


■15 :■'*!? 

NUMBER 

DECREES 

U INCHES 

V INCHES 

PS I 

PSI 

PSI 


?i 5 = 9#r 









:■ . 5 ~00*5 

1 

36 #.# 

0 . 0000000 # 

0.00000107 

11. 

4. 

2 . 


; : 5' 100 

2 

26 #.# 

#.0*000214 

0.00000749 

6. 

9. 

1 . 


:• i 5'_0 ? 

2- 

30.# 

0. 0000062 6 

0.00002193 

19. 

25. 

3. 


" I 7 : 00 

i 

30.0 

#.#0001253 

0.00003506 

13. 

6. 

1 . 


: ! 5 ’440 

*. 

45.# 

0.00005426 

•.••••7752 

i . 

0. 

0 . 


: ; i 5 ~5r# 

6 

9 #.# 

0.00000882 

0.00003529 

26. 

35. 

4. 


: iC 7 :#9 

7 

90.0 

0.00006177 

0.00908824 

0. 

0. 

0 . 


■■ IT ' 7 ?*? 

* 7 *E FORCE: THAT THE 

TYPE 5 PHYSICAL 

CONNECTING ELEMENTS (UNCOUPLED POINT 



•r 157300 

SF‘F. INC* 

DAMPER ELEMENTS) EIERT ON T* ENGINE COMPONENTS OR GROUND ARE- 



-157900 

# 




FORCE IN GIVEN DIRECTION 


0153000 

ELEMENT 

POINT 

X 

Y 

2 

THETA- f 

T Hc%*“Z 

015-8100 

NUMBER 

END NUMBER POUNDS 

POUNDS 

POUNDS 

IN-LE 

IN- -C 

0158200 
0156300 
* 1 58400 


I 

3 

#.000 

-7.339 

4.623 

#. 0 ## 

*. r ». 

015650* 

1 

J 

.4 

0.000 

7.339 

-4.623 

0.00# 

#.**r 

015860# 

2 

I 

6 

0.000 

11.467 

0.022 

0.000 

• .##«* 

0153700 

2 

J 

13 

0.000 

-11.467 

-0.822 

0.000 

#.##e 

r 158800 

3 

I 

10 

0.000 

28.114 

-27.154 

0.000 

0 . 00 # 

#156900 

3 

J 

31 

0.000 

-20.114 

27.159 

0.000 

#.### 

#159000 

4 

I 

13 

0 . 00 # 

-13.737 

5.091 

0.000 

#.### 

*159150 

4 

j 

32 

0.000 

13.737 

-5.091 

0.000 

0 .### 

#159200 

•The GYROSCOPIC FORCES AC T INC ON THE 

ROTOR IS) ARE- 





0159300 

0 


POLAR MOMENT 

Y-AXIS 

2-AX IS 



0159400 

POINT 

ROTOR 

OF INERTIA 

MOMENT 

MOMENT 



0159500 

NUMBER 

NUMBER 

LB-IN«2 

IN-LB 

IN- 

LB 




•159609 

•159700 

0159800 1 1 104205. -34.464 '24.580 

0159900 7 1 104205. 133.410 '->3.789 
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Definitions 


NP * Number of (global point, global direction) pairs for which data is 

written to the plot file 

NL1 = Number of local points on flexible bladed disk Number 1 for which 
data is written to the plot file 

NL2 = Number of local points on flexible bladed disk Number 2 for which 
data is written to the plot file 

NRE = Number of Type 3 physical connecting elements (rub elements) for 
which data is written to the plot file 

NEL * Number of (element number, global point number, global direction 
number) triads for which data is written to the plot file 

NUMT * Number of time steps for which data is written to the plot file 

IPLOTi * Global point number for the i-th (global point, global direction) 
pair for which data is written to the plot file 

IDPLOTi = Global direction number for the i-th (global point, global direction 
pair for which data is written to the plot file 

XPT£,YPTi,ZPT[ - x, y, and z coordinates (global system) respectively for the 
i-th (global point, global direction) pair for which data is written 
to the plot file 

LFBD1{ = Local point number on flexible bladed disk Number 1 for the i-th 

local point for which data is written to the plot file 

RFBDii * Radius r (inches) on flexible bladed disk Number 1 for the i-th 
local point for which data is written to the plot file 

AFBDli * Angle £ (degrees) on flexible bladed disk Number 1 for the i-th 

local point for which data is written to the plot file 

LFBD2i * Local point number on flexible bladed disk Number 2 for the i-th 

local point for which data is written to the plot file 

RFBD2f - Radius r (inches) on flexible bladed disk Number 2 for the i-th 
local point for which data is written to the plot file 

AFBD2f * Angle £ (degrees) on flexible bladed disk Number 2 for the i-th 
local point for which data is written to the plot file 

ILEM3i = Element number for the i-th Type 3 physical connecting element (rub 
ei ^nt) for which data is written to the plot file 


PRECEDING PAGE BLANK NOT FILLED 

(o<> } (A 
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ILEMi 


IPTi 

IDIRi 

TIME 

SPEEDI 

SPEEDD 

THETAI 

THETAD 

PI 

Q1 

P2 

Q2 

*i 

VELi 

FMODi 

PSILi 

UDISPIi 

VDISPli 

SLFSDli 

S2FBDli 


= Element number for the i-th physical connecting element or gyro 
element for which data is written to the plot file 

= Global point number for the i-th physical connecting element or 
gyro element for which data is written to the plot file 

* Global direction number for the i-th physical connecting element 
or gyro element for which data is written to the plot file 

= Time (seconds) 

* Independent rotor speed (rpm) 

= Dependent rotor speed (rpm) 

= Independent rotor angular displacement (revolutions) 

- Dependent rotor angular displacement (revolutions) 

= Generalized displacement p for flexible bladed disk Number 1 

= Generalized displacement q for flexible bladed disk Numberl 

= Generalized displacement p for flexible bladed disk Number 2 

= Generalized displacement q for flexible bladed disk Number 2 

= Displacement (inches or radians) for the i-th (global point, 
global direction) pair 

* Velocity (inches/second or radians/second) for the i-th (global 
point, global direction) pair 

= Modal force (ib or in-lb) for the i-th (global point, global 
direction) pair 

= Angle ♦ (degrees) for the i-th local point on flexi* bladed 
disk Number 1 

- Displacement u (inches) for the i-th local point on flexible bladed 
disk Number 1 

* Displacement v (inches) for the i-th local point on flexible bladed 
disk Num er 1 

* stress (psi) for the i-th local point on flexible bladed disk 
Number 1 

* 02 stress (psi) for the i-th local point on flexible bladed disk 
Number 1 
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S3FBDli * 03 stress (psi) for the i-th local point on flexible bladed disk 
Nuaber 1 

PSI2{ * Angle ♦ (degrees) for the i-th local point on flexible bladed disk 
Number 1 

UDISP2£ * Displacement u (inches) for the i-th local point on flexible bladed 
disk Nuaber 2 

VDISP2{ * Displacement v (inches) for the i-th local point on flexible bladed 
disk Nuaber 2 

SlFBD2i = o\ stress (psi) for the i-th local point on flexible bladed disk 
Number 2 

S2FBD2{ = 02 stress (psi) for the i-th local point on flexible bladed disk 
Nuaber 2 

S3F5D2£ * 03 stress (psi) for the i-th local point on flexible bladed disk 
Nuaber 2 

DMAGj * Relative displacement magnitude (inches) for the i-th Type 3 physi- 
cal connecting element (rub element) 

CLEAR* = Clearance (inches) for the i-th Type 3 physical connecting element 
(rub element) 

FMAG* * Force magnitude (pounds) for the i-th Type 3 physical connecting 
element (rub element) 

FELEM* = Force (lb or in-lb) for the i-th (element number, global point 
number, global direction number) triad 
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Mass Matrix (mm) 
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ORIGINAL PA~" 
OF POOR QUALi 



(ZA) 
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Vector 
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Displacement 
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Z 1 


Z l 


F Z1 

z 2 


Z 2 


Z 2 


F Z2 

z 3 


Z 3 


Z 3 


F Z3 



# 




• 



• 




♦ 







# 

• 

Y 1 


Y 1 


*1 


F 

il 

Y 2 

(Z) = 

Y 2 

(ZV) - 

Y 2 


F 

Y2 

h 


Y 3 


Y 3 


V 

* Y3 

. 


♦ 


* 


• 

• 


* 


• 


• 

• 


• 




* 

p l 


P 1 




F P1 

q l 


q l 


q l 


F ql 

P 2 


P 2 


P 2 


F P2 

q 2 


q 2 


q 2 


F o 
q2 

| 

. 






J 
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ORioff'AL rr * : 

OF POOS QUALITY 


Generalized 

Stiffness 

Matrix 

(Diagonal Elements) 


Generalized 

Damping 

Matrix 

(Diagonal Elements) 



v 


(ZA) = 


K 

1 

H 


K 

2 

H 



K 

3 

v 


C 

3 

H 


H fi {“a 2 * “ 2<e fi - 
Mf 1 {«fl 2 + “ 2 «,l - 
M f 2 {“f2 2 + ° 2(# f2 - U } 
"f2 {“f2 2 * “ 2(8 f2 - ’>} 


Note: 6 fl > o 
and 6 f2 > o 


'Pi 


qi 


p2 


V 
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FBD C enter of Gravity Mode Shape Definitions 

♦vi * Vertical plane translation mode shape ith mode 
♦vi * Vertical plane slope mode shape ith mode 
♦Hi * Horizontal plane translation mode shape ith mode 
♦Hi 3 Horizontal plane slope mode shape ith mode 
( )i refers to FBD Number 1 

( )2 refers to FBD Number 2 

If the FBD(s) are attached to Rotor 1: 

(♦ .) = Sl(i # i , 1) ; (*\) * SI (i, l , 2) 

T vi i lv T vx i 1 v 

( *Hi\ “ S2(l> l ln * U 5 ( *Hi\ “ S2 (l ’ i lH’ 2) 

(♦ vi ) 2 = Sl(i, l 2v , 1) ; (♦;.) 2 = SI (i, l 2v , 2) 

( *Hi J 2 = S2(l ’ l 2H ’ = S2 (l * 4 2H» 2) 

If the FBD(s) are attached to Rotor 2: 

U vi > l = S4(i, t ly , 1) ; (♦V) i » S4 (i, l lv , 2) 

= S5(i, i lH , 1) ; ( * Hi ) “ S5 (i, i 1H » 2) 

( ♦y i > 2 = a 2v * = *Tv’ ^ 

= S5(l ’ A 2H ’ * ( *Hi* 2 = S5 (l ’ 1 1H’ 2) 

where : 

Sl(s.,j,k) = Subsystem 1 (Rotor 1 vertical plane) mode shape for local mode 
i, local point j, local direction k 

S2(i,j,k) 35 Subsystem 2 (Rotor 1 horizontal plane) mode shape for local mode 
i, local point j, local direction k 
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S4(i,j,k) * Subsystem 4 (Rotor 2 vertical plane) mode shape for local mode i, 
local point j, local direction k 

S5(i,j,k) * Subsystem 5 (Rotor 2 horizontal plane) mode shape for local mode i, 
local point j, local direction k 

tl v = Local point number for the center of gravity of FBD Number 1 in the 
rotor vertical plane subsystem which includes FBD No. 1. 

* Local point number for the center of gravity of FBD Number 1 in the 
rotor vertical plan subsystem which includes FBD No. 1. 

l2V “ Local point number for the center of gravity of FBD Number 2 in the 
rotor vertical plane subsystem which includes FBD No. 2. 

*2H “ Local point number for the center of gravity of FBD Number 2 in the 
rotor horizontal plane subsystem which includes FBD No. 2. 
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•K 


OF i*tc.; - t .... .Y 

Generalized Forces Due to Gyroscopic Loading 
FBD Center of Gravity Points 

The physical velocities are: 

D 

Vertical (z’physlj » ^ Z.U^) 

i-1 


Plane 


i*l 


Subroutine 

CURKT 


MM 

Horizontal (Y'phys)^ * ^ ^ * 

j-1 

a 

Plane (Y'phys) 2 ■ Y-(* H - ) 

J-l 

The physical aoaents about the Y acid Z axes are: 
Vertical (Myl^ “ “ CIp(Y*phys)i + 2fi(S v )^qi 

Plane (My >2 * ” 0Ip(Y’phys>2 ♦ 2fi(S v ) 2 q2 

Horizontal (M^ “ fl lp(i'phya)i ♦ 20(S v )jpj 

Plane (M^ “ OIpCz'physlj ♦ 2fi(S v >^p 2 

The genralized forces are: 

Vertical Plane F, • (M,#* . ) + (M ♦'.) 

zi z T vi ^ y vi 2 

Horizontal Plane F . - (Ms*.) + (M ♦' ) 

yj z n J i L “J 2 


FBD Number 1 


FBD Number 2 


Fp, “ - 20 S v Y **•>! - “fl«l 
F ql “ “ 2 ° s v i ' ph J r,) 4 "fi^i 

F p2 ’ - 2 ° SvY'phy.) 2 -- f2 4 2 

p , " - 2Q Si’phy*) ♦ «,,p 


q2 


£2*2 


for the 


Subroutine 

FORCE 


Subroutine 

GEN 
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5 . 6 EQUATIONS AND SYMBOLS USED IN TETRA 


The following are the equations and a description of the symbols used in 
the computer coding of the FBD calculations in TETRA. 

These matrix equations are developed in Section 2.0. Note that only the 
rotor-FBD equations are formed into matrix equations since only these contain 
the nondiagonal mass matrix. The subsystem connecting forces, being on the 
right-hand side, are treated numerically as vectors in the mass matrix inverse 
multiplication. 


TETRA Matrix Equation 


tZA] = [MM]" 1 [F gen - ZK. • Z - ZC • ZV] 
where 

[ZA] = Generalized acceleration matrix 

[MM] ^ * Inverse of mass matrix 

F gen = Generalized force 

ZK = Generalized stiffness 

Z - Generalized displacement 

ZC - Generalized damping 

ZV = Generalized velocity 


The generalized FBD module's equations are given in matrix form below. 
Note that the "Vertical" and "Horizontal" equilibrium equations are added to 
the rotor [which contains the FBD(s) ] equations. 

5.7 OVERALL PROGRAM STRUCTURE 


The revised computer program consists of the main routine plus 36 sub- 
routines. A brief description of each of the 36 subroutines is given in 
Table 2. A structure chart showing the hierarchy of the program and sub- 
routines is given in Figure li. Finally, a condensed flow chart of the 
entire program is given in Figure 12. 
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Table 2. TETRA Subroutines* 


INIT 

SYBSYS 

FLEXSS 

FLEX 

RBODSS 

RBODY 

FBDSS 

FBDL 

CONEL 

ELEM1 

ELEM2 

ELEM3 

ELEh4 

ELEM5 

STIFFE 

STIFFT 

LINV3F 

MATM 

UBAL 

SINSOS 

FORHIS 


Initializes variables and arrays 

Processes data for the modal subsystems 

Processes data for the flexible modal subsystems 

Finds flexible subsystem mode shapes 

Processes data for the rigid body modal subsystems 

Computes rigid body mode shapes 

Processes data for the FBD modal subsystems 

Processes data for the local points on the FBD's 

Processes data for the physical connecting elements 

Processes spring-damper (Type 1) physical connecting element data 

Processes link-damper (Type 2) physical connecting element data 

Processes rub (Type 3) physical connecting element data 

Processes engine support-links (Type 4) physical connecting element 
data 

Processes data for the uncoupled point spring-damper (Type 5) physi- 
cal connecting element 

Computes stiffness matrix for engine support element 

Computes stiffness matrix for link elements that are to be combined 
with engine support element 

Matrix inversion and determinant calculation for the engine support- 
links (Type 4) physical connecting element and the FBD-rotor mass 
matrix 

Matrix multiplication for the engine support-links (Type 4) physical 
connecting element 

Processes unbalance load data 

Processes Pcos wt and Psin wt load data 

Processes force-time history load data 


77 



Table 2. TETRA Subroutines (Concluded). 


GY ROE 

FBD 

MASSM 

PLOTD 

SCAN 

TILOOP 

ROPROP 

CURRT 

FBDDS 

FORCE 

APFOR 

GEN 

MODES 

GENDIS 

LISTPF 

BUFIO 


Processes gyroscopic load data 

Processes data for the FBD’s and the rotor to which they are attached 

Computes the mass matrix for the FBD's and the rotor to which they 
are attached 

Processes data for output plot file 
Establishes element/subsystem connections 
Time integration loop 

Calculates rotor properties (speed, acceleration, and angular dis- 
placement) 

Computes current physical displacements, velocities, and modal forces 

Computes displacements and stresses for the local points on the FBD's 

Computes physical connecting element and gyro element forces 

Computes applied forces 

Computes generalized forces 

Finds the mode sha;es 

Computes the generalized displacements 

Prints at least a partial listing of the output plot file 
Buffers output for the plot file 
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Qonoral Order of Kioeutlon 


figure 11. l’ETRA Structure Hierarchy. 
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OF POOR QUALITY 





























Figure 12. TETRA Flowchart. 
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5.8 NASTRAN/TETRA INTERFACE PROGRAM 


The NASTRAN/TFTRA interface computer program has also been installed on 
the IBM corap iter which front-enus the CRAY-1 Computer at NASA Lewis Research 
Center. This interface program generates modal subsystem input for TETRA for 
the flexible modal subsystems (can generate modal subsystem input for Subsystem 
1, 2, 4, 5, 7, 8, or 10). The prc~^dure used is as follows. 

First, a NASTRAN run is made on the CRAY-1 computer, and the NASTRAN out- 
put file is sent back and s^ved on the IBM computer. The interface program 
must read and obtain data from the NASTRAN output file that it reeds to gen- 
erate the TETRA input. 

A PROCuEF named kUNNT was generated to make it easier to run the interface 
program. (If you don't know what a PROCDEF is, see the 370 User's Guide Manual 
p. 102 or the Command Systems User's Guide Section 4). The user need only 
supply the PROCDEF name (RUNNT) followed by the NASTRAN output file name and 
the TETRA modal subsystem input file name as shown in Figure 13. Then, the 
interface program asks a series of questions at the terminal which the user 
must answer (see Figure 14), Both the horizontal plane and the vertical plane 
subsystem input can be generated in the same interface program run as was done 
in Figure 14 (Subsystem 7 - case vertical plane and Subsystem 8 = case hori- 
zontal plane). The resulting TETRA input file which includes the modal sub- 
system input for Subsystems 7 and 8 is shown in Figure 15. 

The source for the NASTRAN/TLTRA interface program is saved in a file 
named SOURCE .NASTET cn the IBM system. 

Procedure to Run TETRA Computer Program 

The TETRA input file must consist of CRAY JCL statements, a LIST' name- 
list section, one or more LIST2 namelist sections, zero or more uloT!* name- 
list sections, and a LIST4 namelist section in order (see Figures 16 and 17). 
The JCL statements that must be at the front of the input file acc mown in 
Figure 18 along with a brief explanation for each statement. 

Usually t is easiest to generate separate files for different portions 
of the TETRA input and then merge these files together. Oft^n .ne modal sub- 
system (LIST2) input can be generated automatically using the NASTRAN/TETRA 
interface program. The NASTRAN/TETRA interface program might have to be run 
three times - on e to generate the the modal subsystem input for the low pres- 
sure rotor system, again to generate the modal subsystem inpi.c for the high 
pressure rotor system, and again to get the modal subsystem input for the 
engine casing. The th’-ee modal subsystem files thus generated would then have 
to be merged with the other files that the user typed in by hand containing 
the CRAY JCL statements and the LIST1, LIST3 , and L1ST4 input. The procedure 
for merging the files into one input file is shown in figure 19. 

A PROCDEl named TOCRAY was generated to make it easier to submit the input 
file to the CRAY to run. (If you don't know what a PROCDEF is, see the 370 
User's Guide Manual ~ 102 or the Command Systems User's Guide Section 4). The 

user need only type he PROCDEF name (TOCRAY) followed hv the TETRA input 
file name as shown in Figure 19. 
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1) Type in: 

RUNHT fllel,flle2 

where fllel ■ NASTRAN output file none 
and flle2 - TETRA subsystem Input file none 

2) Type In answers to questions from the computer 


Figure 13. Procedure to Run NASTRAN/TETRA Interface Program. 
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ORIGINAL FASl \% 
OF POOR QUALITY 


RUNNT PRMCASE, F29 . DATA 


rveirr CM5Cv :TrM v . i:::¥Dcr n r r:cr : ::rvrTrc nrcrcrr. Ann ft-CArmo 


•vtv? rrc-iiirMry v: , «tcsc nrcrcrn 


*i!!M9s& nc rorn sr.Twr: vrv: utcu r.t e: tmtuatc 


T^E rs?r -OX !^Tc T C EE ELIMINATED 

* . nr . ♦ "if* m • * m * .7, .** . Cr n.7’ fi! 

f ‘!o:jT TI t LE I EE-T I F I CAT 1 0*! 

'“'.rr ucprrrA: c? as. isr o: «cvcrrM rr*p nrsnri\fcrcATA^ 

"■■jm :jr?^ c :r»Twrc 

- — •*-••- •* ■■’*- •■*■■- 

rycw yrpr p CTrr^u.v i icz 

rurcc ycxc $ EIGENVECTORS 

WRITTEN TO THE 7E7RA INPUT RILE 

TYPE 1 TO GENERATE ANOTHER SUES Y STEM INPUT FILE { OTHERWISE TYPE £) 


’msiit ci;tcvcTc« uiikdcs nr CDcriticwrrcc rrcTccn. Aim r.-CArmo 


- n:r: :t rsmiTv^v w: :Mrrrc rcripcn 


tmcmt HUMBER Or GRID POINTS YOU WISH TO ri T NINATE 


rur rein pn twtc to £c ELIMINATED 

•T-.1 . T’r . • /7;7 . • <7 • « njT 1 - _ * <7^ . Ort-^/TT 


ta:oht ttti c rnrwr?rTrA7?riM 

^Acr uncTrr.MT.*.: :•! amt r: src vcrrM r no n rv r* *ctc •. r r:C Mrinc: 


" ,, jrrr L'ERE r JOINTR 

Tucpc ycoc 2 EIGENVALUES 

rue pc yepe 2 EIGENVECTORS 

L!0 T TTCIk| Tft TUC TCTO^ T MDMT CTI^C 

**ype 1 TO GENERATE ANOTHER SUBSYSTEM INPUT FILE {OTHERWISE TYPE 5) 


ronrpAM TERMINATED NORMALLY. HAVE A NICE DAY 
T ERMINATED2 STOP 


Figure 14. NASTRAN/TETRA Interface F.ogram Run. 


83 



ORIGINAL PAGE IS 
OF POOR QUALITY 



c cc^ncri 




a a 

*rvr. 




fliiaa ~aa 

ft! TCT2 




aana^aa 

7ITL£" f CASE 

VERTICAL 

pi AfciC Cl ICC 

*ctcm rnc r.rftr.wcreATAo 

aaaa&aa 

J CMC -s ”7. 




aaaaaaa 

ypcr-a . 




a ax at am 

vpcc -a. 




aaaanaa 

tdcc -a , 




aaaaoaa 

DTC / t,M. 




aaaaoaa 

! i 3 

aaaa . 

a aaaa. 

a m aaaa . 

ana t aaa 

Z, -13 

aaaa , 

a m $aaa 7 

a aaa.*. 

aac, i i an 

? i -°3 

naan , 

a aaaa 7 

a aaaa. 


22 » -•££ 

aaaa f 

V. 0***7 

3.3333, 

' 3 32i??3 

27 j -55 

[sees 7 

3.5933, 

a aaaa. 


9f?H2# XM0DESU*i>* 

1 25*39! 5E ?2 > ?.99^^26E 1 > 

ll328?2 < ?i 02, 6.299969E 0!,15* !» 
353 1733 3.314253E 2.279923E 0t, 15, 0, 

333 1930 VHf !»!»!>« 


•?*91?9* o.oooeygr.a* , 6. 191237E-07, -4 . 9996 95E 03,-8. 828640E-04* 
.caa™*? 9.999627E-01 * 6.274564E-97* 2.9S9930E 31 » 9.999129E 31, 
*302103 o.999t'.2E-81i-i.39!87 ,:i E-07t-2.999929E 31* 9.999292E 01* 
0001200 9.999571E-01 i -4 .30 e 552E-97* 4.999693E 09* 3.906309* 
9?323?9 I.003903E 30* -5. P65729E-09 * 1 .937349E-36* -1 . 499972E 03* 
3392402 vmi.ii!!* 

0*02500 -9.999999E-91 » 2.009014E-32, 9.367108E 05»-4.571696E 01* 
9902609 -7.999963E-31 » 2. 93031 2E - 02 »- 1.0953255 01 **2.9S4927E 02* 
000Z700 7.999965E-0! * 2.9090J2E-02*-l .095924E 01* 2. 07059 2 E 02* 
a«a29*9 1.999030E 39* 2.905014E-02* 8.367116E 00* 0.000035* 
909290? 1. 143417E-37* 2.009014E-02* 6.715444E-01 »-4.571706E 01* 
agavaa-j VH<1*!>3)* 

3*03100 1.000003E 00**3. 121830E -02**3. 000452E 05* 2.654122E 06* 
3333200 6.11 6835E-0 1 * -3 . 027587E-02 *-9.671 252E 05* 1.390302E 07, 
■3303333 6. 1 16835E-01 , 3.027587E-02, 9.671252E 05* 8.655026E 06, 
•3033403 1.0390A0E 00* 3. 121830E-02 » 3.050452E 05, 0.003030* 


3333530 -7. 185308E-01 * 1 .P25181E-15, 0.000000* 6.S02237E 07* 

3033600 4END 
0033700 0LIST2 

0003900 TI T LE=»CASE HORIZONTAL PLANE SUBSYSTEM 30 R DEMONSTRATOR MODEL 
3003933 I SUB* 8* 

3354000 XREF*0* 

0034100 YR£F*0* 

0004200 ZREF=0 * 

3004300 PTS (1*1)= 

3004400 1* 0.0000* 3.0003* 0.0330* 

3904500 2* -10.0000* 0.0000* 0.0000* 

9034600 3* -90.0000* 0.0000* 0.0003* 

*004700 33* -100.0000* 0.0000* 0.0000* 

3304800 37* -50.0000* 3.0300* 3.0000* 

0504933 XMODES ( 1 * 1 ) = 

3305000 1.250910E 02* 9.999438E 01*15* 1* 

3035100 1.588929F 02* 6.39 & 969E 01*15* 1* 

0305200 3.064350E 04* 2.379933E 06*15* 0* 

0335309 VH(1*1.1>* 

3005400 9. 999578E-01 » 6. 191237E-37* -4.999695E 00*-8.828640E-04* 

0305500 9.999627E-01 * 6.274564E-07* 2.999933E 01* 9.999129E #1, 

0305600 9 . 999^225 01 * -6. 391879E-07 *-.2 .999928E 01* 9.999292E 01* 

3*05700 9.999571E-01 *-6.308552E-07* 4.99*690E 00* 0.000033* 

9335800 1.300030E 00,-5. 865729E-09* 1 .907349E-06* -1 .499972E 03* 

9995909 VH ( 1 > 1 * 2 ) 1 

**06303 -9.999993E-01 > 2.030014E-02, 8.067109E 00,-4. 571686E 01* 

0006109 -7.999962E-31 * 2.3000!2E-02,-l .095825E 01 , -2.984927E 02* 

0336209 7.999965E-01 * 2.330312E-02*-l .095826E 01* 2.070592E 32* 

3006309 1.000059F. 00, 2.000014E-02* 8.0671 16E 00* 0.009900, 

0006405 1.163417E-07* 2.000014E-02* 6.715444E-01 *-4.571706E 01* 

0006500 VH ( 1 * 1 *3) * 

*036600 1.000003E 00* -3. 121830E-02* -3.000452E 05* 2.&54122E 06* 

*306700 6. 1 16835E-01 » -3.027587E-02 ,-9 .671252E 05* 1.380332E 07* 

0006800 6.11 6825E-01 * 3. 027587E-02 * 9.671252E 05* 8.655026E 06* 

*006990 1 . 030000E 00* 3. 121830E-02* 3.030452E 05* 0.000090* 

0007000 -7. 185298&-01 * 1 .825181E-15* 0.003000, 6.802237E 07, 

EOF 

Figure 15. NASTRAN Generated Modal Input File for Subsystems 7 and 8. 
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1. CRAY JCL Statements 


2. LIST1 Namelist Section (one sucn section) 
Type A and B input sheets 


3. LIST2 Namelist Section (one for each modal 
subsystem) Type C-l through C-12 
input sheets. 


A. LIST3 Namelist Section (one for each physical 
connecting element) 

Type D-l through H-2 Input sheets. 


5. LISTA Namelist Section (one such section) 
Type I through Type P-2 Input sheets 


Figure 16. Input Order. 
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Example: Set up for a run with four modal subsystems 
and two physical connecting elements. 


V 

CRAY JCL STATEMENTS 

V 

SLIST1 


SEND 

SMST2 


SEND 

SLIST2 


SEND 

SLIST2 


SEND 

SLIST2 


SEND.. 

SLJST3 


SEND 

SL1ST3 


SEND 

SLISTA 


SEND 


Figure 17. CRAY Input Setup for Four Modal Subsystems Example. 
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Notes 


Jobnamerfiie name for printed output (returned to IBM! 

enter your IBM userid and password 

accesses TETRA program on Cray 

fllename>lnput restart file name 

assigns Input restart file to file code 22 

osslgns output plot file to file code 23 

assigns output restart file to file code 24 

load and run 

filename-output plot file name (returned to IBM) 
filename-output restart file name (saved on Cray) 
Erases all except last two editions of restart file 

these cards generate dump if program aborts 


Statements Needed for TETRA. 



1) Run NASTRAN/TETRA interface progran os often os 
necessory to obtain subsystem (LIST2) input. 

2) Remaining input must be typed in and saved. 

3) Merge together the files contolnlng the TETRA input 
Into one Input file os per the following exanple: 

REDIT JCL 
B 

lqausti 

B 

LQA LIST 2A 
B 

IDA LIST 2B 
B 

IDA LIST 2C 
B 

LQA LIST 34 
VSFILE FIIDW1 


A) Type the following to submit the run to the CRAY computer: 
TOCRAY FILNAM 


Figure 19. Procedure to Prepare TETRA Input File. 


1 JCL | file containing CRAY JCL 
1 USTl 1 file contolnlng LIST1 input 

file containing LIST2 (subsystem) input 



L1ST341 file containing LIST3 and LISTA input 
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6.0 E 3 STRUCTURAL MODELING 


6 . 1 INTRODUCTION 


An engine structural model representing the E 3 /lCLS has been assembled 
that can be analyzed with the TETRA program for engine transient response. 

The TETRA model includes six subsystems; LP rotor vertical and horizontal, HP 
rotor vertical and horizontal and static structure vertical and horizontal. A 
total of 100 modes have been included, extending from the rigid body modes to 
approximately 20 times the low rotor maximum speed. These subsystems are 
assembled with five connecting elements that represent the five main engine 
bearings. One rub element is included representing an additional load path 
between the fan rotor and containment case that becomes active when the rela- 
tive displacement exceeds a specified clearance. The model is defined so that 
additional rub elements can be easily added at 12 other rotor/stator locations 
and at one rotor/rotor location. Gyroscopic effects are included in both the 
LP and HP rotor subsystems. The polynomial which defines the LP rotor to HP 
rotor speed relationship is based on sea level static standard day cycle deck 
data. Steady-state test runs of the TETRA model have been made on the Honeywell 
computer at the General Electric Company in Evendale, Ohio, Preliminary 
results from these test runs in the time domain correlate well with results 
from the baseline dynamic analyses conducted in the frequency domain. There- 
fore, this TETRA model provides NASA with the capacity to explore the range of 
capabilities of the TETRA program as well as define its limitations. 

The purpose of this report is to describe how the E^/lCLS engine was 
modeled, broken down into subsystems and connecting elements and then reas- 
sembled into the TETRA model. The ICLS configuration shown in Figure 20 has 
been chosen for this project since it represents the engine system that will 
be actually tested. 


6.2 ASSEMBLED PLANAR MODEL DESCRIPTION AND LP SYNCHRONOUS FREQUENCY 
RESPONSE CHARACTERISTICS 


The General Electric Company-deve loped VAST computer program (Reference l) 
was used to define a planar system dynamics model of the E^/lCLS engine, and 
to generate the associated modal data. This program is an extension to the 
Prohl-Myklestad method which addresses to the branched load paths found in 
real engine structures and assumes the motion to be axisymmetr ic . The program 
includes bending, shear deformation, rotary inertia and gyroscopic effects. 

It computes and prints out the system natural frequencies, displacements, 
rotations, loads and moments for each normal mode, together with the potential 
(strain) and kinetic energy distributions in the various components. Post- 
processors to the VAST progrr t are used to compute the forced yfeady-st&te 
combined modes frequency response for any point in the engine system model. 

The purpose of this section of the report is to describe how the assembled 
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engine structure was modeled, summarize the elast ic-mass data, and to define 
the assembled system critical speeds along with the frequency response charac- 
teristics . 

Figure 21 is a drawing of the E^/lCLS engine system modeled for this 
project. Figures 22 and 20 illustrate the VAST model in schematic form. The 
major engine components are identified in Figure 22. Figure 23 shows the VAST 
span, joint, and spring numbers and defines the boundary conditions at all 
joints. Note that the inlet bellmouth and fan exhaust nozzle shown in the 
engine drawing are not included in the schematics since these components are 
not structurally coupled to the main engine system. 

The VAST model was generated with the General Electric Company-developed 
preprocessor VEGA. VEGA input represents the geometry, i.e. lengths, radii, 
thicknesses as well as the material properties, required to define VAST 
elastic-mass input data. VEGA and VAST input are both defined in this report 
to provide a comprehensive explanation of the structural element physical 
properties. 


VEGA Listing 


The VEGA listing is contained in Section 7.1. Two types of elements are 
used to define VEGA input, springs and spans, which are connected at joints. 
The schematic illustrated in Figure 23 identifies the spans, springs and 
joints. Spring properties are defined in the upper half of the first page of 
the VEGA Listing. The first column identifies the spring number. Columns 2, 

3, and 4 define the first end connection of the spring. The second column 
identifies the joint number and the third column identifies the span number to 
which the first end of the spring is connected. Columns 5, 6, and 7 define 
the second end connection of the spring. The fifth column identifies the joint 
number and the sixth column identifies the span number to which the second end 
of the spring is connected. Columns 4 and 7 define boundary conditions at the 
spring connection ends. Type 1 spring boundary condition indicates that both 
shear and moment will be transmitted while Type 2 transmits only shear. Zeros 
in Columns 2 and 3 or 5 and 6 in place of joint and span numbers indicate a 
connection to ground. The eighth column defines the coefficient type to be 
used, 0 for flexibility or 1 for stiffness. Columns 9-12 define the flexibil- 
ity coefficients or stiffness coefficients. 


For flexibility: 


PHIM 

PHIV 

ETAM 

ETAV 


<frty rad/ in-lb = rotation due to unit moment 
(fry rad/ lb ■ rotation due to unit force 
Tty in/ in-lb * deflection due to unit moment 
Hy in/lb =» deflection due to unit force 


The thirteenth column indicates the axial offset of the spring element. The 
VAST convention required for all spring input is defined in the following 
sketch. 
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Figure 22. E 3 ICLS System 


Dynamics Computer Model Schematic. 




Aa Joint Number 

OE> Span Number 

^2^ Spring Number 

O Pinned Joint (Transmit Shear) 

• Continuous Joint (Transmit Shear 
and Moment) 


A. 


©•*(*« 
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Figure 23. Assembled Vast Model Span-Spring-Joint Identification 
Boundary Condition Definition. 
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The segmented span data for all 30 spans follows the spring input. 

Listed in the heading of each span sheet are the rotor speed and the ratio of 
rotor speed to frequency of vibration. The speeds shown are for LP synchron- 
ous vibration at FPS growth conditions. The ratio of rotor speed to frequency 
of vibration is used to introduce gyroscopic effects in the vibration model . 
This ratio is zero for all spans representing nonrotating components such as 
the casing and bearing supports, and is nonzero for all spans representing 
rotor systems. The rotor speed is not required in critical frequency calcula- 
tions but is used for gyro maneuver calculations. Also listed in the heading 
are the span number identification, joint numbers identifying each end of the 
span and boundary conditions at each end of the span. Continuous boundary 
condition indicates that the end is fixed to another span and both shear and 
moment are transmitted through the joint. Pinned boundary condition indicates 
one of three conditions; (1) a free end, (2) pinned connection to another span 
transmitting only shear, or (3) connection to a spring vrtiere the spring bound- 
ary condition applies. Column 1 identifies each segment of the span with a 
station number. The interval length listed in the second column gives the 
length of each stat ion-to-stat ion segment in inches. Four element types 
(Column 3) are used to define interval properties listed in Columns 4-10; 

a. Element Type 2 is a massless spring where Columns 4-7 identify 
either flexibility coefficients (0 in Column 8) or stiffness coeffi- 
cients (1 in Column 8), 

Column 4 PHl(M) = 4^ rad/ in-lb = rotation due to unit moment 
Column 3 PHl(v) = $y rad/ lb = rotation due to unit force 

Column 6 ETA(m) =* in/ in-lb - deflection due to unit moment 

Column 7 ETA(V) = ny in/lb = deflection due to unit force 

b. Element Type 3 is a cone used to model thin wall shell elements 
using a membrane analysis, 

Column 4 E = elastic modulus (psi x 10”^) 

Column 3 G = shear modulus (psi x 10"^) 

Column 6 p = material weight density (lb/in^) 

Column 7 ^i-l " mean radius of wall at left end (inches) 
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Column 8 t£_i * wall thickness at left end (inches) 

Column 9 rj * mean radius of wall at right end (inches) 

Column 10 t£ * wall thickness at right end (inches) 


c . 


Element Type 4 is a uniform weight cylindrical beam, 


Column 4 
Column 5 
Column 6 
Column 7 
Column 8 


E * elastic modulus (psi x 10*^) 

G 3 shear modulus (psi x 10”^) 

p * material weight density (lb/in^) 

r Q = outside radius of cylindrical section (inches) 

t = wall thickness of cylindrical section (inches) 


u . Element Type 5 is a uniform weight rigid cylindrical beam with input 
exactly the same as for Element Type 4 (except that the values for E 
and G are arbitrary). 


The material data indicating metal temperature and material name is an 
option used for selecting material properties listed in Columns 4, 5 and 6. 
Weight properties are listed in the three columns to the extreme right; polar 
weight moment of inertia (lb-in^), weight (lbs.), and transverse or rotary 
weight moment of inertia (lb-in^). The polar weight moment of inertia is 
taken about the axis of revolution of the body ttfiile the transverse weight 
moment of inertia is about any axis normal to the axis of revolution normal to 
the plane of the station axial coordinate. Weight properties of element Types 
3, 4 and 5 are computed by VEGA for the VAST input and are therefore not 
included in the VEGA weight property listing. The summary at the bottom of 
each span listing also excludes internally computed weight properties. Weight 
properties which are in the VEGA listing include all weights not calculated by 
VEGA. These include weight properties for frames, bearings, disks, blades, 
vanes and all nonstructural components. 


VAST Listing 

Mass-elastic data from the VAST listing is contained in Section 7.2. This 
data is for the segmented span components. Spring data and boundary conditions 
are described in detail within the VEGA listing. Each segment of a span is 
identified by a station number and includes a massless interval length for 
which the flexibility is defined and a point mass for which weight properties 
are defined. The program computes stepping or transfer matrices for each 
segment and performs a progressive multiplication across each span to obtain 
equilibrium and compatibility equations which are then combined with boundary 
condition equations to form dynamic equations for the complete system. A solu- 
tion for the natural frequencies is obtained by calculating the determinant of 
the coefficients of the computed equations and the minimums are searched out 
to determine the natural frequencies. Once the minimums are obtained, the 
mode shapes are computed. 
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Listed in the heading of each span sheet are the rotor speed and the 
ratio of rotor speed to frequency of vibration. Tne speeds shown correspond 
to LP synchronous vibration at FPS growth conditions. The ratio of rotor 
speed to frequency of vibration is used to introduce gyroscopic effects in the 
vibration model. This ratio is zero for all >pans representing nonrotating 
components such as the casing and bearing supports, and is nonzero for all 
spans representing rotor systems. The rotor speed is not required in critical 
frequency calculations but is used for gyro loading maneuver calculations. 
Following the station number (Column 1) is the interval length (Column 2) 
which gives the length of each stat ion-to-stat ion segment in inches. Column 7 
is an indicator that indicates whether the segment flexibility is defined with 
beam or spring properties. If Column 7 is 1, then Columns 3-6 give the 
tensile modulus E lb/in^, the bending area moment of inertia I in^, the 
shear modulus G lb/in^, and the shear area A in^, respectively. If Column 
7 is 2, then Columns 3-6 give the flexibility coefficients for the segment 
as follows: 

PHl(M) rad/in-lb = rotation due to unit moment 

PHI(F) rad/ lb = rotation due to unit force 

ETA(M) in/in-lb - deflection due to unit moment 

ETA(F) in/lb =* deflection due to unit force 

If the above flexibility coefficients are entered as zero, then a rigid seg- 
ment results. Columns 8, 9, and 10 give the weight polar moment of inertia 
(lb-in^), the weight (lb.), and the weight transverse moment of inertia 
(lb-in^) respectively, which are lumped at the indicated station. The shear- 
stress ratio values are used for including the effect of shear deformation and 
do not apply when flexibility input is used. 

VAST Solution 

Results from the VAST frequency domain analysis are included herein to 
provide background information that may help evaluate the TETRA time domain 
solution. LP synchronous critical frequencies with the undamped mode shapes 
and energy distribution characteristics are summarized in Figures 24 through 
31. Modal deflections are indicated by the broken line and referenced to the 
undeflected solid line. Details of the energy distribution are contained in 
Section 7.3. Combined modes frequency response characteristics are illus- 
trated in Figures 32 through 36 for fan and LP turbine unbalance. Damping for 
this forced response solution is based on Q-factors equal to 15 for all spring 
elements and all static structure span elements and effective Q-factors equal 
to -41.60 for the core rotor span elements. 

Q-factor = Q f = 
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Number 1 Bearing Load, lbs 


A 500 gm-in. Fan Unbalance 
B 200 gm-in. LPT Stage 1 Unbalance 

C 200 gm-in. LPT Stage 5 Unbalance 


3311 rpm 
SLS Standard 
Day Takeoff 


Physical LP Rotor Speed, rpm 


Figure 32. E^/ICLS LP Synchronous Combined Modes Frequency Response 
No. 1 Bearing Load Versus LP Rotor Speed. 
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Number 2 Bearing Load, lbs 
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Number 3 Bearing Load, lbs 



OF POOR < 



Number 4 Bearing Load, lbs 


2000 



Physical LP Rotor Speed, rpm 
3 

Figure 35. E /ICLS 7 Synchronous Combined Modes Frequency Response 
No. 4 Bear ix > Load Versus LP Rotor Speed. 
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Number 5 Bearing Load, lbs 



Physical LP Rotor Speed, rpm 
3 

Figure 36. E /ICLS LP Synchronous Combined Modes Frequency Response 
No. 5 Bearing Load Versus LP Rotor Speed. 


OR\GH^ 

of pooa 



Effective Q-factor = Q E q - 
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(d * Rotational Speed 4 * Frequency of Vibration 

6.3 TETRA MO. SL SUBSYSTEMS AND CONNECTING ELEMENTS 

The baseline VAST model was broken down into three subsystems and five 
connecting elements plus one rub element as shown in Figure 37. Spans 1-10 
from the baseline VAST model were used to generate the LP Rotor subsystem. 
Figure 38 illustrates this subsystem simply supported with 100 lb/ in. springs 
(spring numbers 1 and 5). The soft springs were used to simulate free-free 
end conditions. Spans 11-14 from the baseline VAST model were used to 
generate the HP Rotor subsystem. Span Numbers 11-14 were changed to 1-4 as 
required by the VAST convention. Figure 39 illustrates the HP Rotor subsystem 
simply supported with 100 lb/ in. springs (spring Numbers 3 and 4), Spans 
15-30 from the baseline VAST model were used along with external Springs 51, 
52, 53, 81, 91, 101 and 102 to generate the static structure subsystem. The 
span numbers were changed from 15-30 to 1-16 as required for the VAST conven- 
tion. Static structure subsystem supports were modeled as 100,000 lb/ in. 
springs (spring Numbers 101 and 102) to represent the engine mount system. 
Figure 40 illustrates the static structure subsystem. Gyroscopic stiffening 
was deleted from both rotor subsystem models since the TETRA program addresses 
gyroscopic stiffening as discrete input. 

The VAST program was used to compute critical speeds for each subsystem 
from the rigid body modes up to about twenty times the low rotor maximum 
speed. Mode shapes and energy distribution (potential and kinetic) were com- 
puted for each critical speed. The critical speeds are listed in Table 3 and 
the undamped mode shapes are illustrated in Figures 41 through 56. Modal 
deflections are indicated by the broken line and referenced to the undeflected 
solid line. Maximum deflection point is indicated by 6 mAX» and all other 
deflections are plotted relative to this point. However, since the span 
lengths are not illustrated exactly to scale, changes in slope are only accu- 
rate for individual spans but not between spans at the joints. 

Characteristics of the physical connecting elements are summarized in 
Table 4. Uncoupled point spring-damper elements (Type 5) represent the five 
main engine bearings which assemble the six subsystems into the complete 
engine system. Radial stiffnesses listed for Bearings 1, 2 and 5 are based on 
analysis along with CF 6 experience and testing since the ICLS bearings are 
similar to those used in the CF 6 . Radial stiffnesses for bearings 3 and 4 
represent the bearings in series with centering springs which are used to 
isolate core rotor vibration. Squirrel cages with 300,000 lb/ in radial spring 
rates are used at both ends of the core rotor. Squirrel cage stiffnesses were 
determined using a finite element analysis. The Number 3 bearing radial 
stiffness is 1,000,000 lb/ in. and the Number 4 bearing radial stiffness is 
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Figure 37. Subsystems and Connecting Elements. 
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Figure 38. EEE-ICLS LP Rotor Subsystem for TETRA 





Table 3. Subsystem Critical Speeds 


LP Rotor Subsystem 

HP Rotor Subsystem 

Static Structure Subsystem 

rpm 

rpm 


rpm 

53 

73 

718 

39416 

62 

139 

1341 

43312 

1273 

16459 

4351 

46780 

2847 

29833 

8541 

50137 

8121 

38775 

11476 

53499 

16218 

51787 

13131 

54901 

28098 

66916 

17011 

59089 

37651 

74534 

18937 

65253 

40193 

87882 

21255 

71144 

43146 


24719 

74502 

50931 


27768 

75901 

57298 

i 

28989 

76634 

69020 

! 

31863 

78499 

87068 

i 


38147 


ICLS max speed * 3311 rpm 
FPS growth max speed * 4100 rpm 
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Figure 41. EEE-ICT,S LP Rotor Subsystem for TETRA 
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Figure 55. EEE-ICLS Static Structure Subsystem for TETRA. 
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Table 4. Connecting Elements. 


Type 5 Physical Connecting Elements 
(Uncoupled Point Spring-Damper Element) 


Element 

Description 

Element 

Number 

Connection Points 

Spr ing Const ant , 
lb/ in. 

Q-Factor 

Frequency 

I-End 

J-End 

No. 1 Brg. 

i 

3 

34 

4,000,000 

15 

55.2 

No. 2 Brg. 

2 

4 

35 

1,695,000 

15 

55.2 

No. 3 Brg.* 

3 

11 

36 

230,769 

15 

55.2 

No. 4 Brg.* 

4 

20 

6 

248,864 

15 

55.2 

No . 5 Brg . 

5 

7 

37 

1,500,000 

i.5 

55.2 


^Includes squirrel cage spring rate of 300,000 lb/in. series with bearing 


Type 3 Physical Connecting Element 
(Rub Element) 


Element 

Description 

Element 

Number 

Connection Points, 

Rub Spr ing Cons t an t , 
lb/ in. 

Damping 

Coefficient 

Dead Band, 
mils 

I-End 

J-End 

Fan Blade 
Rub Path 

6 

1 

21 

1,000,000 

0 

250 




1,460,000 lb/in. 3s derived through analysis and CF6 experience and testing. 
The bearing damping is defined r ia a specified Q-factor and freouency pair. 
TETRA uses this data to calculate the equivalent viscous damping coefficient 
for shear as follows: 


c 


damping coefficient * 


k 

2 * fQ 


LB- SEC 
IN. 


In this expression, k i the bearing spring rate (lb/ in.), and f is the fre- 
quency (CYCIES/SEC) . Table 4 shows that the frequency selected is equal to 
55.2 Hz which corresponds to 3311 rpm, the maximum fan speed for ICLS. It 
will be noted that the TETRA model has been set up to obtain a solution at a 
fan speed of 3311 rpm. The Q-factor for normal unbalance is equal to 15 and 
for bladeout conditions it is equal to 7.5. These values are consistant with 
large turbofan experience. 

The connection points are represented by physical points on the sub- 
systems to which the connecting elements are attached, resulting in a reas- 
sembled system. Figure 57 illustrates the reassembled system and identifies 
the TETRA physical point numbers. No damping is included to account for the 
squeeze film damper located at the Number 3 bearing since this TETRA model is 
set up to evaluate LP unbalcu.ee and damper-system solutions have only been 
obtained for core rotor unbalance. 

The capability to analyze the effects of secondary load paths due to 
rotor-case and rotor-rotor rubs is one of the TETRA programs primary features. 
One rub element has been included in the TETRA model that accounts for t^n 
blade rubs with the containment case. This rub element (TYPE 3 Physical 
Connecting Element) is identified as connecting element Numbe^ 6 in Table 4. 
Based on steady-state dynamic analyses in the frequency domain that have been 
performed for turbofan engines with large rotor unbalance due to fan blade 
loss, a casing ovalization stiffness of 1,000,000 Ib/in. appears to give 
reasonable agreement with test data. The rub element dumping coefficient is 
equal to zero based on the Test Vehicle TETRA bladeout analysis and test data 
correlation conducted in Reference 2. Radial clearance between the blade and 
structural casing is represented by the dead band, which is the structural 
clearance over which no load is transmitted. A dead band of 250 mils is 
indicated in Table 4 which represents the structural clearance (not flowpath 
clearance between blade tip and abradable rub material) for the FPS design. 

The FPS clearance is referenced here since the ICLS structural clearance is 
between 2.05 inches at the blade leading edge and 1.70 inches at the trailing 
edge. This large structural clearance is the result of a slave nonflight 
design for the ICLS test program that utilizes a wood-lined CF6 containment 
case. The TETRA model has been defined to maximize the number of rub elements 
that can be added. Physical points exist on the case which are adjacent to 
every rotor physical point. Table 5 describes alternate rub elements that can 
be added to the TETRA model. Figure 57 illustrates the connection point 
orientation in the TETRA model. 
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Table 5. Alternate Rub Element. 


(Type 3 Physical Connecting Element) 



Connection Points, | 

Description 

I-End 

J-End 

Fan 

1 

21 

Booster 

2 

22 

HP Compressor Stage l 

12 

23 

HP Compressor Stage 3 

13 

24 

HP Compressor Stage 5 

14 

25 

HP Compressor Stage 7 

15 

26 

HP Compressor Stage 10 j 

16 

27 

CDP Seal 

17 

28 

HP Turbine Stage 1 

18 

29 

HP Turbine Stage 2 

19 

30 

LP Turbine Stage 1 

• 

31 

LP Turbine Stage 3 

9 

32 

LP Turbine Stage 5 

10 

33 

Mid LP Shaft w/Core Rotor 

5 

16* 

Connection Points 5 and 16 are axially misaligned 
by 4.262 inches 
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6.4 ASSEMBLED TETRA INPUT DESCRIPTION 


The TETRA model was generated using the subsystem modal data and physical 
connecting elements described in Section 6.3 of this report. This section 
defines the assembled TETRA model input, which is listed in Section 7.4 and is 
also provided as punched cards. 

The global coordinate system was established such that all axial coor- 
dinates match engine stations as referenced on drawings and in reports per- 
taining to the Program. However, since the engine stations are identified 
in inches forward to aft (left to right) and the TETRA global coordinate system 
in posit ive-forward (right to left) in the axial direction, the axial global 
coordinates include negative signs (-). All Y (horizontal) and Z (vertical) 
coordinates are equal to zero since the X axis goes through the engine center- 
line and no physical points are located off the model subsystems. Figure 58 
references the engine system with the global coordinate system. 

A total of 37 physical points have been identified on the modal subsys- 
tems. This includes the maximus of 10 points on each rotor subsystem, and 
17 on the static structure model subsystem. Tables 6 and 7 identify the 
physical point locations and show the span and station numbers corresponding 
to the VAST subsystem models. The physical point locations are also illus- 
trated in Figure 57. Physical points provide for assembly of the subsystems 
through physical connecting elements. Coordinates, displacements and veloci- 
ties are computed at the physical points by the TETRA program. 

The TETRA listing is standard FORTRAN namelist input with line numbers 
in the extreme left hand colimn. Identifying input is contained in Lines 90 
through 140. Subsystem modal data for all 100 modes is in Lines 150 through 
17200. Model subsystem Number 1 (iSUB * 1) is the LP rotor vertical plane 
and model subsystem Number 2 (ISUB * 2) is the LP rotor horizontal. Lines 150 
through 2010 represent subsystem Number i and subsystem Number 2 is repre- 
sented by Lines 2020 through 3880. Lines 16G and 170 identify the modal sub- 
system and Lines 180 through 310 establish the global coordinate system and 
physical points for the LP rotor subsystem. Lines 320 through 460 (XMODES = ) 
identify the modes; frequency (rpm) is in the first column, potential energy 
is in the second column and the Q-factor is in the third column. The Q-factor 
is equal to zero (a Q-factor set to zero is a flag that sets the damping to 
zero) for the LP rotor modes since this model is set up for a LP synchronous 
run. The forth column identifies the mode type; rigid body modes = 1, and 
flexibLe modes = 0. Lines 470 through 2010 define the actual mode shapes. 

Each group VH(1,1,N) = of T. lines define a local mode and each of the 10 
lines within each group specify a local point number. The f, VH M groups appear 
in the same order as the critical speed listing above in Lines 330 through 
460. The 10 local points are in the same order as defined in Lines 220 
through 310 (PTS = ). Model data is defined in four columns. Column one 

is the modal translation, colimn two is the slope, coliann three is the shear 
force ond coLumn four is the bending moment. Modal subsystem Number 2 is 
define 1 by lines 2020 through 3880. Line 2040 sets ISUB = 2 signifying the 
horizontal direction LP rotor subsystem triiereas line 170 sets ISUB = 1 for the 
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Figure 58. 


TETRA Global Coordinate System. 
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Table 6. TETRA Point Identification. 


LP Rotor Subsystem Point timbers 1-10 
Core Rotor Subsystem Point Numbers 11-20 
Static Structure Subsystem Point Numbers 21-37 


TETRA Point 
Number 

Description 

Corresponding VAST 
Subsystem Span, 
Station Nunber 

1 

Fan Rotor 

1. 12 

2 

Booster Rotor 

1, 21 

3 

No. 1 Brg . Connection 

2, 10 

4 

No. 2 Brg. Connection 

5, 1 

5 

Mid LP Shaft 

5, 13 

6 

No. 4 Brg. Connection 

7, 1 

7 

No. 3 Brg. Connection 

6, 10 

8 

LP Turbine Rotor 1 

9. 1 

9 

LP Turbine Rotor 3 

9, 14 

10 

LP Turbine Rotor 5 

10, 11 

11 

No. 3 Brg. Connection 

1. 1 

12 | 

HP Cotapressor Rotor 1 

1, 11 

13 

HP Compressor Rotor 3 

1, 18 

14 

HP Compressor Rotor 5 

2, 1 

15 

HP Compressor Rotor 7 

2, 9 

16 

HP Compressor Rotor 10 

2, 18 

1 

17 

CDP Seal 

2, 24 

18 

HP Turbine Rotor 1 

4, 1 

19 

HP Turbine Rotor 2 

4, 14 

20 

No. 4 Brg. Connection 

4, 25 
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Table 7. TETRA Point Identification. 


LP Rotor Subsystem Point Numbers 1-10 
Core Rotor Subsystem Point Numbers 11-20 
Static Structure Subsystem Point Numbers 21-37 


TETRA Point 
Number 

De script ion 

Corresponding VAST 
Subsystem Span, 
Station Number 

21 

Fan Case 0 Fan Rotor 

15, 16 

22 

Booster Island 0 Rotor 

6, 8 

23 

HP Comp. Case 0 Rotor 1 

7, 14 

24 

HP Comp. Case 0 Rotor 3 

8, 6 

25 

HP Comp. Case 0 Rotor 5 

8, 16 

26 

HP Comp Case 0 Rotor 7 

9, 7 

27 

HP Comp. Case 0 Rotor 10 

9, 21 

28 

CDP Seal 

10, 6 

29 

HP Turb. Case 0 Rotor 1 

11, 11 

30 

HP Turb. Case 0 Rotor 2 

11, 17 

31 

LP Turb. Case 0 Rotor 1 

12, 4 

32 

LP Turb. Case 0 Rotor 3 

12, 14 

33 

LP Turb. Case 0 Rotor 5 

12, 23 

34 

No. 1 Brg. Connection 

4, 1 

35 

No. 2 Brg. Connection 

2, 1 

36 

No. 3 Brg. Connection 

3, 7 

37 

No. 5 Brg. Connection 

5, 1 

1 

All static structure TETRA points are axially aligned with 
corresponding rotor TETRA points. 
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vertical direction LP rotor subsystem. Since the LP rotor is symmetrical, the 
input for modal subsystem Number 2 is exactly the same as the input described 
for modal subsystem Number 1. 

The input description continues with modal subsystem data for the core 
rotor. This input is in exactly the same format as previously described in 
the LP rotor modal subsystem discussion. Lines 3890 through 5150 list the 
input data for modal subsystem Number 4 (ISUB * 4), the core rotor vertical 
plane. Lines 3900 and 3910 identify the modal subsystem and lines 3920 
through 4050 establish the global coordinate systeQ and physical points for 
the core rotor subsystem. Lines 4060 through 4150 (XMODES * ) identify 

the modes. The Q-factor is nonzero to reflect the nonsynchronous vibration 
induced by LP rotor unbalance. Recall, this TETRA model is set up for LP 
synchronous vibration. 


Effective Q-factor 


where 


Qeq 



Q = 10C Rotor Structural Damping 
oj = 12875.9 rpm Rotational Speed 
^ = 3311.2 rpm Frequency of Vibration 


Rotor speeds are for the SLS Standard Day takeoff condition since this is 
where the TETRA model is set up to start at. Therefore, Qgq * -34,6 for the 
core rotor modal subsystem. Lines 4160 through 5150 contain the mode shape 
data. Modal subsystem Number 5 (ISUB 3 5), the core rotor horizontal plane, 
is defined by Lines 5160 through 6420. Line 5180 sets ISUB 3 5 signifying the 
horizontal direction core rotor subsystem where as Line 3910 sets ISUB * 4 for 
the vertical direction core rotor subsystem. Since the core rotor is symmetri- 
cal, the input for modal subsystem Number 5 is exactly the same as the input 
described for modal subsystem Number 4. 


Modal subsystem data for the static structure follows the core rotor 
modal subsystem. This input is in exactly the same format as previously 
described in the LP rotor and core rotor modal subsystem discussions. Lines 
6430 through 11810 list the input data for modal subsystem Number 7 (ISUB * 

7), the static structure vertical plane. Lines 6440 and 6450 identify the 
modal subsystem and lines 6460 through 6660 establish the global coordinate 
system and physical points for the static structure subsystem. Lines 6670 
through 6940 (XMODES * ) identify the modes. The structural damping input of 

Q = 15 is representative of the damping for normal unbalance in a large 
turbofan engine. For high unbalance associated with blade loss, Q * 7.5 has 
been shown to result in good agreement between analysis and engine test data. 
Note that the Q-factor used for the static structure subsystem is the same as 
for the connecting elements as described in Section 6.3. Lines 6950 through 
11810 contain the mode shape data. Modal subsystem Number 8 (ISUB * 8), the 
static structure horizontal plane, is defined by Lines 11820 through 17200. 
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Line 11840 sets ISUB = 8 signifying the horizontal direction static structure 
subsystem whereas Line 6450 set ISUB * 7 for the vertical direction static 
structure subsystem. Since differences in the static structure between the 
vertical and horizontal planes are small, the input for modal subsystem Number 
8 is exactly the same as the input described for modal subsystem Number 7. 

Physical connecting element input is included in Lines 17210 through 
17780. Characteristics of the physical connecting elements are sunmarized in 
Table 4 and described in detail in Section 6.3 of this report. This input 
identifies the element type, element number, physical connecting points, along 
with the flexibility and damping characteristics. For the rub element, the 
structural clearance is also identified. Alternate rub elements can be added 
to the input file following Line 17780. 

Restart and time integration input is contained in Lines 17790 through 
17840. Line 17800, ISTART * 0, signifies a new run. For a restart run, ISTART 
= 1 and a line must be added between Lines 17800 and 17810 to indicate the 
desired restart time. The added line would be, RTIME = the restart time in 
seconds. Line 17810, DELTA = 5E-6, indicates a time integration step size 
of 5 microseconds. Selection of the proper time step size is crucial for 
obtaining a correct solution. Effect of step size is discussed in Section 
6.5 of this report. Line 17820, TFINAL = 0.200, signifies the time in sec- 
onds at which the time integration is completed. Since this is a new run 
(ISTART = 0), the solution encompasses 0.20 second. The result is forty 
thousand one (40,001) time steps using a step size of 5 microseconds. Line 
17830, IPRMUL = 1500, indicates a print multiple of 1/1500, and line 17840, 
IPLMUL - 20, indicates a plot multiple of 1/20. For this input, 1/1500 of the 
time steps (26) are printed and 1/20 of the time steps (2000) are plotted. 

Rotor speed and rate input is contained in Lines 17850 through 17930. 

The independent rotor is established as the LP rotor with Line 17850, IROTI = 
1. For the core rotor to be the independent rotor. Line 17850 would have to 
be changed to IROTI - 2. (Q-factor damping characteristics in the LP rotor 
and core rotor subsystems would also need to be revised.) Line 17860, BEGTIM 
* 0, and Line 17870, BEGRPM = 3311.2, define the beginning time (seconds) and 
the beginning speed (rpm) for the first speed segment as applied to the inde- 
pendent rotor. Lines 17880 and 17890 (TRHIS = ) define the time segment 
length (seconds) along with the accel or decel rate (rpm/ sec). This time his- 
tory is limited to 10 segments which must be entered in chronological order. 
The input shown on Line 17890 indicates a single segment of one second dura- 
tion with no accel or decel rate. Lines 17900 through 17930 define the poly- 
nomial coefficients relating the dependent core rotor speed to the independent 
LP rotor speed. Figure 59 illustrates the speed relationship assumed for the 
analysis. An orthogonal polynomial method was used to fit the least-square 
polynomial to the data illustrated. The solution yielded an index of determ- 
ination of 0.9745 and the standard error of estimate for the dependent rotor 
was 610.8 rpm. Table 8 lists the speeds used to determine the polynomial 
coefficients. These coefficients are valid when the LP rotor is the indepen- 
dent rotor. 
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Nl, LP Rotor Physical Speed, rpm 


N2 ■ 

= A (N1) J + B (Nl) + l 

C (Nl) 

+ D 

A = 

1.1855718 x 10' 6 



B = 

-7.2149031 x 10" 3 

1 



C =* 

1.4332664 x 10 x 



D - 

2.0884198 x 10 3 




SLS Standard 
Cycle Deck Data 


Sub-Idle 

Estimate 


N2, HP Rotor Physical Speed, rpm 


Figure 59. E 3 /ICLS LP Rotor Versus HP Rotor Physical Speed Relationship 
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Unbalance loads are specified in Lines 17940 and 17950. One unbalance 
load is specified in the input listing, Line 17950; the time of birth is 0 
seconds, the unbalance point number is 1 indicating the fan rotor, the magni- 
tude of the unbalance is 500 gm-in, and the phase angle for the birth event is 
0 degrees. A maximum of 20 unbalance loads can be included. 

The data needed to define the gyroscopic loads are contained in lines 
17960 through 18160. This data consists of the polar moments of inertia 
(lb-in^) at physical points on both rotor subsystems. Table 9 summarizes the 
polar moments of inertia. 

The TETRA input file is completed by specifying the desired plot file. 
Lines 18170 through 18510 define the point numbers and global direction num- 
bers for which the coordinates, displacements, velocities and modal forces 
are written onto the plot file. Lines 13520 through 18760 define the physical 
connecting element numbers, point numbers, and global direction numbers for 
which the physical connecting element forces are written onto the plot file. 
Line 18770, $END, completes the TETRA namelist input file. 


6.5 TETRA TEST RUN RESULTS AND OBSERVATIONS 


A limited number of TETRA test runs were made using the General Electric 
Company, Evendale, Ohio-based Honeywell computer. Results from these tests 
indicate that the TETRA input file has been correctly assembled. This TETRA 
model represents an ambitious effort as it includes; six subsystems with 100 
modes, 6 connecting elements, 20 gyroscopic load inputs, and 37 physical 
points . 

Using the proper time step size is essential for obtaining a correct 
solution with the central difference method that TETRA employs. In general, 
the time step should be equal to about 1/40 of the smallest period of oscilla- 
tion for the subsystem modes. For the baseline TETRA model, the smallest 
period of oscillation is equal to 0.6827 milliseconds (the highest natural 
frequency is at 87882 rpm - core rotor modal subsystem). Therefore, using a 
time step of 17 microseconds would satisfy the forement ioned 1/40 criterion, 
and result in the computation of 11765 time steps during a 0,200 second time 
interval. Results from the test run using a 17 microsecond time step are 
illurtrated in Figures 60 and 61, which show Number 1 bearing loads as com- 
puted for the No. 1 physical connecting element at physical point Number 34. 

The wave forms look reasonable for the initial 110 milliseconds showing clean 
LP synchronous 1/Rev as expected for fan unbalance. Also, following the 
expected initial transient, the amplitude (390 lbs) stabilizes and is close in 
value to the VAST frequency domain solution amplitude (330 lbs). Recall that 
Figures 32 through 36 illustrate the frequency domain forced response charac- 
teristics. However, as shown in Figures 60 and 61 this TETRA solution begins 
to diverge at about 110 milliseconds and thereafter it is apparent that the 
predictions are not correct. It appears that numerical problems begin to occur 
at approximately 110 milliseconds and are probably related to truncating error 
associated with the large number of generalized coordinates (100 subsystem modes). 
Since numerical difficulties did not occur early in the solution time frame, 
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TETRA Point 
Number on Rotor 

Polar Moment 
of Inertia, Ip 
(lb-in. 2) 

Rotor Component 
Identification 

1 

381881 


- Fan and Booster 

2 

42599 



3 

2202 



4 

620 



5 

271 


- Shaft ing 

6 

4450 



7 

512 



8 

27727 



9 

62440 


- LP Turbine 

10 

49497 



LP Rotor Total 

572199 

lb-in^ 


11 

276 



12 

5261 

! 


13 

4482 


- HP Compressor 

14 

5959 



15 

9406 



16 

6908 

i 


17 

4211 



18 

20293 



19 

18597 


- HP Turbine 

20 

466 



HP Rotor Total 

75859 

lb-in^ 



HP Rotor Total 
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Figure 60. TETRA Test Case Solution with 100 Subsystem Modes. 




PHYSICAL CONNECTING ELEMENT NUMBER 1 
PHYSICAL POINT NUMBER 34, GLOBAL DIRECTION 3 
NUMBER 1 BEARING FORCE HORIZONTAL, LBS. 


500 GM-IN 


UNBALANCE CONSTANT SPEED SOLUTION AT 


3311 RPM 


800 


600 


400 


200 


TIME STEP SIZE = 17 MICROSECONDS, PLOT MULTIPLE = 


0 + 


-200 i 


-400 t 


-600 1. 


-800 



200 


A. 


Figure 61. 


TIME, MILLISECONDS 

TETRA Test Case "Solution with 100 Subsystem Modes. 


OF POOR QUALITY 


















it was concluded that the problem was not related to time step size. To 
verify this conclusion, the time step was reduced to 5 microseconds which is 
less than 1/125 of the smallest period of oscillation. Results from this test 
run, illustrated in Figures 62 and 63, show that the reduced time step had no 
effect on the solution which demonstrated the same divergence as obtained for 
the 17 microsecond time step solution (Figures 60 and 61). An example of the 
TETRA output for this test case (100 subsystem modes and 5 microsecond time 
step) is provided in Section 7.5. This output file includes the printout for 
the first two (2) time steps. 

The number of subsystem inodes was reduced to what was considered a mini- 
mum, using the f ; * leven LP rotor subsystem modes including the rigid body 
modes = 2809o c pm) , the first four core rotor subsystem modes including 

the rigid body modes (N^^x * 29833 rpm) and the first six static structure 
subsystem modes (N>iaX * 13131 rpm). This reduced the total nunber of sub- 
system modes to 34 from 100. A 20 microsecond time step was chosen, which is 
1/100 of the smallest period of oscillation and results in a step size to 
smallest period of scillation ratio which is similar to that used for the 100 
subsystem mode/5 microseconds case. Using a 0.200 second time interval 
resulted in 10001 solution steps with no indication of numerical dift ^ult ies. 
In addition, the analysis was restarted and continued for an additional 0.200 
second. Results for the entire 0,400 second are shown in Figures 64 and 65. 

The success of this test run with a reduced number of generalized coord- 
inates would seem to indicate that the numerical problems encountered with the 
original 100 generalized coordinates were caused by truncation error. 
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7.1 E 3 VEGA LISTING FOR ASSEMBLED ENGINE SYSTEM 
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WE I CHT 
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ns 
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PHI tM) 
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1TAIMJ 

B T A l P 1 


* 
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1 • 3 

0421 
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1 . 136 31 

OO 

1 03711 
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O 1 

1 0S74E 

O « 
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O 1 

• 2 

SOSE 

O 1 
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00 

1 2S74E 

O 1 
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T II31E-0I 
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7 t C If * OS S 4919104 


* 1 • 7 At 
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S 

< SS7E-01 
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OO 
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s 
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0 1 



3 
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3 
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1 7 ■ • 4 | - OS 

1 4O0E-0S 

2 07441-09 

A 

•OOOE • 0 1 

2 

S72C 

1 0 

1 74 S SB - OS 

1 7*01-09 

2 4)111-01 

S 

10001-01 

2 

7171 

07 

4 .312 IE 02 
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1 31111 01 


■HU 

m 

36631-31 
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r 

2 
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s 

9 • 4 S E 02 

“3 
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5“ 

1 

43241 01 

20 

7 

40001-01 

1 
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i 

037S 1 -Of 

1 0391-09 

1 
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ii 

9 

SOOOI • 0 1 

3 
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2 
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3 
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23 

S 
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S 
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4 
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S 
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24 

« 

OOOOE OO 

0 


0 


0 

o 



• 1 9 4 71 

02 

2 HBOC 

OO 

9 4SSOE 

0 1 

• 1 9741 

02 

2 1 39 1C 

oo 

• 92421 

0 t 

• 2 OISE 

02 

1 14431 

oo 

1 03191 

02 


1 9991 02 

1 4 9 04 E OO 

1 OOOSI 02 

0 

o 

0 


TOTAL length Of this span is 
TOTAL POLAR MOMENT Of THIS SPAN IS 


1 ItlOOC Ot INCHES 
4 S70S7C 01 LSS . I N* • 2 


ALL VALUES 0P THE SHEAR -STRESS RATIO I Alf A I ARE 









VAST 

NJftNATlON ANALVftlft ftVftTfM 


OKKslKAL P; s -^ii -5 

OF POOR QUALITY 


ftAAN NUMfttN JO STATION NUMfttN AT LAST WtlCMT POINT Jl 

»OTO« »M»t O RAM 


STATION INTtRPA 



• OOOOi-Ot 1 OOOt 07 
ft IOOOI-OI I OOOt 07 
101 OOK OO 


3 Hill Oft 
t 13ATK 03 


3 SOOC Oft 
3 SOOI Oft 


ft 033 IR 01 
M1ITI Ot 


ft 37 ft t 

02 

i 3 3 ft tt 

or 

A 

ftftOftt 

07 

ft OJftt 

03 

ft ftftftOt 

O'* 

2 

• 1211 

03 

1 *• 7t 

Oft 

2 1 * 3 ft f 

A 1 

7 

• 4201 

03 


1 ft 

1 oooot 

©0 

1 ooot 

07 

ft 

• ft l 3t 

03 

3 

toot 

Oft 

1 ftft Ifti 

0 1 1 

1 C 

1 3 TOOK 

OO 

1 ooot 

07 

ft 

ftftftOt 

03 

3 

toot 

Oft 

1 ftftlftt 

0 1 1 

1 7 

1 12001 

OO 

1 ooot 

07 

ft 

7 1 3l( 

03 

3 

toot 

Oft 

1 ftftftftl 

0 1 1 


I *7*1 03 
1 MX 03 

1 ft 3 3E 03 


ft ftftOf 03 
t **ot Oft 
1 1 TOC Oft 


3 Hill OO 
2 ftftftftl OO 
2 0117* OO 


t Iftftftt Ol 

2 ftftOOC 02 
ft OtOOf 02 


7 »7ft1| 02 
ft 3IR7R C 2 

* ftft*R o; 


ft ftft 1 7f 03 
7 JftftOC Oft 
* ftft 3 1 R Oft 


TOTAL WtJCHT Of T M | ft ft A AM Jft 
TOTAL LRH6TH OP T M t ft ft A AM 1ft 
TOTAL POLAR MOMIMT OP this ftft 


• ft« 22 of 02 rauHos 

2 JftftftOR 01 INCMIft 
3 . ft 1 ft? Jft Oft L Oft 



p 

A ft 

T 


V IftftAT 1 ON 

ANAL Tft I ft 

•PftTtW 

II3342A • ft 


ft A AM MUMfttR 

21 

• ■ * CVMAR STATOR IGVST* T » • 

ft T AT 1 OR HUMftt ft AT Lftftl Wilt NT PfttftT 

• 

\\ 

ROTOR ft A K t 0 

o 

• AM 




7 t OOOE -el 2 IftOt 07 1 ftftfftE 03 

7 1 0OOE * 0 1 2 IftOt 07 1 JftOtt 03 

3 7 OO Ot *0 1 


a Toort • o i 

7 1000(01 2 ftftOC 07 1 3«0»t 03 

1 ftOOOt-OI 0 o 

1 IftOOE OO 2 3 ft 7 R - 11 ' ft ft ft 2 ft I - 1 1 


1 1001 07 

1 1001 07 


1 ftOftftft 0 I 
1 27ft ft t 01 


ft l]<t o« 
2 IftOt 03 
1 3 3 Tt 03 


ft ft ft 3 K 07 

7 Oft 3K 02 
2 ftftftt 02 
ft *OOt 03 


2 ftftftftl 02 
ft ft !ft IK OO 
ft ftftftftl OO 


7 7 ft O ft K OO 

1 3 7 ft ft I 00 
1 ftftlftt OO 
ft ftft 30t Ol 


3 31721 0 
1 07 ft ftl O 
ft 1 0 A ft t O 


7 I774I 

3 ftft 30E O 
l 3 T 3 ft t 0 
3 20001 O 




ft ft 2 ftt 02 
ft lOtl 02 
: Oftftt 03 


2 3 7ft ft I 00 

ft OSftftt 00 
ft ft 2 1 3f 00 


2 ftftftftl O 
ft to*ot o 
K BJftOt O 


1 2 TOOK 00 

2 ftftSP - 1 1 

- ft ftft 1 Of • 1 1 

• ft ftft 1 1 - 1 1 

i 21711 

Oft 

ft 30001-01 

2 MO! 07 

2 12211 03 

1 tOOt 07 

2 302ft! 

Ol 

4 ft OOOt -01 

2 ftftOK 07 

1 10721 03 

i to*. : ot 

1 2 ft ftOt 

0 1 


* ft ft 7 ft I 

02 

ft 

OftOftt 

00 

« Tft A 3t 

ft 2 

• ft 7 ft 2 I 

02 

2 

ftft lot 

00 

2 Sftftftl 

02 

* 1 ft 4 3 t 

02 

ft 

ft 7 20t 

■01 

• - 2 1 A 7 1 

0 i 


3 7 Or Oft * O 1 
ft 70001-01 
ft TuOOt * C 1 


1 ft 7 ft 1 

02 

ft ftftlftt -01 

7 A 7 ft 3 t 

O 1 

ft IITf 

02 

3 7 ft 7 ft t OO 

3 ftftftftl 

02 

1 0731 

03 

* 1*271 Oft 

1.37031 

02 


23 

1 2 ftOOt 00 

2 

toot 

OT 

1 3ft 3 2 1 

03 

l OftOt 

OT 

1 ftft 3 ft t 01 

1 ' 

2ft 

2ft 

2 30001 * 0 i 

3 7 OOOt - 0 1 

2 

O 

*oct 

©7 

1 10241 

O 

03 

1 . OftOt 

e . 

07 

l 3ft l it O 1 
0 

1 1 
2 


ftftftt oc 

>2ft7t *01 


2 . ft 1 ftft t 02 

3 1*0 It O 1 
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wtrCMT op 

thii ft p an is 

• 71 1 ft 2 1 

07 
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LfMCTH op 

this ft p am is 

1 ftftSCOK 

01 

mcHts 

total 


2 322011 

OS 

Lift 1 ft ■ • 2 


• AR - ft TRtft ft A* T 1 0 (AlPA) AM 2 OOOOOK OO 
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” 111 
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O 1 

« 02*7*01 

2 sseit 

01 

1 IS It 

02 

1 0921* OO 

« 2**1* 

O l 

1 1111 

03 

3 3*32* OO 

2 1*1 AC 

02 


• 4000* -01 

2 140* 01 

1 . 3*0tt 03 

1 Of CC 07 

1 133*1 Ot 

2 30001 -Ot 
1 10001*01 

o 
0 . 

o 

0 

o 

o 

0 

0 


4 
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02 

2 
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00 
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03 

* 
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OI 

3 
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O 1 

* 
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03 

3 
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01 
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01 
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OT 
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4 
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OO 

4 
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02 
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02 

3 
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00 

1 
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02 
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•2 
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03 
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1* 
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* 
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OO 
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OO 
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OO 
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9 
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OT 
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2 
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©1 
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03 
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1 
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07 

4 SUCK 

03 
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07 
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ot 
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12*3* 

02 
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01 
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01 
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03 
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00 
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• 
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02 

2 920* 
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1 
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2 

7*01 
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1 
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7 
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oo 
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2 
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07 

• 
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02 
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07 

• 
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3 
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02 
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02 
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02 
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0 
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0 
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03 
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A 
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C3 

1 AS33C 

01 

A 
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03 
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•3 
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OO 

C 
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3 
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3 
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2 
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02 
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00 
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3 
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07 
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t 
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OO 

t 
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02 
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OO 
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2 
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07 
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• 
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•0 

T 
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OB 
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00 
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03 


if 

t 
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2 
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: 3*71 07 

3 1S1AE 03 

A A 20* OC 

A 2420* OO 1 

1 1 

4 

AOOOE *0 l 

c 

0 

0 . 
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• T 0421 

02 

1 40431 

00 

A 23A7C 

O 1 

• 3 2 1 OE 

02 

4 3442E 

oo 

t AO A 1 E 

02 
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03 

• 7 17 BE 

00 

4 2A37E 

02 
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2 10001*01 

3 3*7* 07 

1 IS07E 03 

A 

*20* 

Ol 

2 10(11 

tu 

t 14071 00 

t 2000**01 

* *331 • 10 

0 

3 *774*-©* 
C 

3 

o . 

*771 

Oft 

4 **321 

0 

0* 


1 3S9C 

03 

t I3T’I 

0 1 

1 01771 

03 

A 3AOE 

03 

2 *44*1 

01 

3 A2CBE 

03 

A 3*41 

02 

E 7*4*1 

OO 
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02 
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02 
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this 

S F AN IS 
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O’ 

INCHES 
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THIS SFAN IS 
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04 

LBS 1 N* » 7 


All V A L Ut % C * TMC IHIil-STIESI RATIO (ALFA) ARE 3 OOOOOC OO 
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AST 


V I • A AT ION 

ANALYSIS SYSTEM 

U3343A-B 


IRAN NUMBER 
ROTO* SACCO 


STATION NUMBER AT LAST WEIGHT POINT 
RAM 



0 . 

1 1000* 

• 0 1 

o 

0 

o 

0 

o 

o 


o . 
0 

1 A SOOE 

oo 

4 . BA 1C * 1 1 

2 AS A S C * 10 

2 

cut - 10 

2 IOB4E-OA 

1 . 1S00I 

00 

4 3 7 AC * 1 1 

4 BASSE* 10 

4 

BS7C* 10 

1 *73*1 • 04 


1. * 1 BASE 

04 

1 0S37C 02 

7 77711 

03 

t * l 4S3E 

03 

A A 20 1 C 00 

7 S23SI 

02 

t > 2 7 A tl 

03 

A 1*1(1 00 

i mil 

03 


2 1 74* 

03 

Ac te 

00 


03 

1 .BASE 

03 

ft 4393C 

OO 

7 BA4SE 

02 

4 3*41 

04 

1 3412* 

02 

2 . (431t 

04 


1 o 
1 1 

S 3O0OE * n 1 

ft ooooc-ei 

0 

1 A 1 2C • 1 l 

A 37 3 1 E - 1 1 

o 

A 3 7 3 E * 1 1 

o 

t 34SAI-0* 

1 2 

ODOE * 0 1 

1 4*3* - 1 1 

I ISAAC • 1 1 

• 2 A AE * 1 1 

A 4 7 04 E * ©f 

i 3 

OOOE - 0 1 

0 . 

0 

O 

0 


ft 4 2 7 E 

02 

2 

*0701 

00 

3 

2 1 K7E 

02 

1 7711 

03 

1 

• 3 3 S E 

oo 

A 

ft ft ft ftC 

02 

A 3 2 OE 

03 

3 

7 • ft SC 

0 1 

4 

1 ft A 2 E 

03 


1 A 

1 1 A OOE 00 

2 

723* * 1 1 

1 A ft! AC * 10 

1 AAftt* 10 

1 77311*0* 

1* 

2 AOOOE - e 1 

0 


0 

0 . 

0 

1 7 

i osoor oo 

2 

3*7* * 1 » 

1 330 II* 10 

T 3201 * 10 

1 SAA4C -OA 


I Tilt 03 
A 30*1 03 


C 4 1 BBC 00 
3 C 003 C 01 
3 3 3 * T t 00 


• BT3SC 03 

4 1© 1 »* 03 

• 7?S«C 03 


1 A 

a ooooi*ei 

0 . 

0 

0 

0 . 

2 

• A 13*1 

03 

1 . *7*3* 

0 1 

2 0I7SC 03 

20 

2 ooooc * 0 1 

2 3A7C 07 

4 37**1 03 

A S30C 08 

3 1 ABBE 01 

1 

• 7 A 7t E 

02 

3 . B7B7B 

00 

J0***l 02 

2 1 

A AOOOC‘01 
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10, -278.335, 

0. 

0. 

1 


320 XMODES* 





330 

52.6, 3.70153E 01, 

o. , 

i , 


340 

61 . 7, 4. 25950E 01 , 

0., 

1, 


350 

1272.9, 1 . 17390E 04, 

0. , 

0, 


360 

2846.5, 1 . 14103E 05, 

0. , 

0, 


"370 

6i2TTT, 87124665 04, 

“0. , 

0, 


380 

16218. 1 , 3 . 86391 E 05, 

0. , 

0, 


390 

26097.8, 1.00853E 06, 

0. , 

0, 


400 

37651 . 0, 3. 04509E 06, 

0., 

0, 


41b 

40193. 1 , 3.46995E 06, 

0. , 

o. 


420 

43145.7, 7.54853E 06, 

0., 

0, 


430 

50931.1, 4.253 

15E 06, 

0., 

0, 


440 

57296.0, 1.36583E 07, 

0. , 

0, 


45b 

69020.3, 1 . 0$854E 07, 

~b, i 

0, 


460 

87068.4, 9. 7069 IE 06, 

0., 

0, 


470 VH (1,1,1)* 





480 

-9.01 170E-01 , 

1 . 00744E-02, 

-7.78847E 00, 

-5.35686E 01, 

490 

-7. 00414E-O1 , 

1 . 00743E-62, 

-1. 5l82£^-07, 

2 . 45438E-56, — “ “ “ 

500 

-8.50588E-01 , 

9. 78894E-03, 

8.50588E 01, 

-9.4151 3E-07, 

510 

-6 . 21 365E-01 , 

1 . 00637E-02, 

-7.09100E 00, 

-2.73612E 02, 

520 

-2.59143E-01 , 

1 . 00470E-02, 

-4.45320E 00, 

-7.94277E 01, 

530 

6. 75069E-02, 

1 . 00467E-62, 

q. - 

; ” 

540 

1 . 29294E-01 , 

1 . 00467E-02, 

-1 . 29294E 01 , 

-3.20065E-07, 

550 

5 . 53471 E-02, 

1 . 00475E-02 , 

o. 

0. 

560 

1.341! 9E-01 j 

1 . 00474E -02 , 

-2.39527E 00, 

-1 . 95149E 01, 

67b ~~ 

Z, 1&31 7E-0r, 

1 . 00475E - 02 , 

’ - 9".'bT) 4 IT 1 OS", 

o. 

580 VH( 1 , 1,2)* 





590 

9. 95609E-02, 

7.94191 E -03 , 

2.29829E 00, 

4. 16402E 01, 

600 

1 . 66895E-01 , 

7. 94194E-03, 

4. 06959E-08, 

1 . 0 1 847E-06, 

610 

1 . 4b598t-bf , 

7. 9416 IE-03, 

-1 .40S9SE 01 

1 . 249O9E-07, 

620 

3. 20213E-01 , 

7.9371 IE-03, 

-1 . 33332E-01 . 

-1.67324E 02, 
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630 

6.05905E-01 , 

7.92319E-03, 

-3.65481E 00, 

-1 .01332E 02, 

640 

8 . 63468E-01 , 

7 . 92235E -03, 

0. 

0. 

650 

9. 12188E-01 , 

7. 92225E-03, 

-9. 12188E 01 , 

-1 * 84 1 91 E-06, 

660 

8.50892E-01, 

8. 51566E-03, 

o. 

0. 

670 “ 

\ /65jt-ur, 

8TT5T51T3E^TrT7 

-M.UUJOOt Ul, “ 

7 • 73532t Til , 

660 

9.89015E-01, 

8.51 368E-03, 

6.5291 IE-08, 

1 .09208E-06, 

690 VH (1,1,3)* 




700 

6.81305E-02, 

-3 . 40098E-02 , 

-1 .40174E 03, 

-5.00992E 04, 

TTO 

“ J. -01 , 

-3. 404 i ✓t-Dz. ~ 

”2. 792UUE 1 U4 , 

b . y2b2Ot-03, 

720 

- 1 . 071 68E-01 , 

-3 . 39926E -02 , 

1 , 071 67E 01 , 

7.20209E-06, 

730 

-7.61 193E-01 , 

-2 . 231 52E -02 , 

5.46354E 01, 

3.85218E 05, 

740 

-9.07406E-01 , 

1 .21541E-02, 

3. 1 2701 E 03, 

3.24192E 05, 

‘750 " 

“ - 1 . 2b4bi;jb-u H 

37 59897b -HJ 2 , ” 

“0- 

^ • » 

760 

9.49461E-02, 

3 . 5992 IE-02, 

-9.49461E 00, 

1 . 64279E-05, 

770 

-1 . 76347E-01 , 

3. 73208E-02, 

0. 

0. 

760 

1 . 16228E-01 , 

3. 73088E-02, 

3.01370E 02, 

-6.27325E 04, 

790 — 

arzszyTE^uT; 

3.731 u2L-Uif , 

6 : B48‘29E"-TJ5 , 

O . 88 1 8 1 t-04, 

600 VHt1 J 1 J 4)= 




610 

8. 10259E-02, 

3.54076E-02, 

1 . 16643E 04, 

3.02215E 05, 

620 

4 . 74 1 67E-01 , 

3.56062E-02, 

4. 94044E-04, 

8 . 62395E-03, 

'BTD 

2 . r; = 

" J. /’Bt-bz, 

= 7nB23zrar ui , 

-2. 23729E-04, 

640 

5.71614E-01 , 

-4 . 91 938E-03, 

-3.70529E 04, 

-1 . 00471 E 06, 

650 

-6. 19833E-01 , 

- 3 . 4785 1 E-02, 

-3.90910E 04, 

4.53695E 05, 

660 

-6.35166E-01 , 

6.75855E-02, 

0. 

0. 

870“ 

-2. T95'Jut-u i. 

b . /59 1 6E-U2, " 

2 . i y6^ut u i , “ 

1 Tby/2UE-U4J 

680 

-7.81359E-01 , 

8.00184E-02, 

0. 

0. 

690 

- 1 . 52295E-01 , 

7. 99184E-02, 

3.22834E 04, 

-7.79195E 05, 

900 

5.20933E-01 , 

7.99696E-02, 

1 . 58574E-03, 

1 . 10721E-02, 

91U VHi 




920 

-4.09414E-02, 

-6.61501E-03, 

-2.48800E 04, 

-5. 39,851 E 05, 

930 

-1 . 20998E-01 , 

- 6 . 97884E -03, 

-9. 57468E-04, 

4 . 65526E-03, 

940 

-7.31253E-02, 

-6.41629E-03, 

7.31 24 7E 00, 

9.73414E-05, 

"950 


37TT4T4E" r U27™ 

f . 73644 t U4, “ 

“ 3~. 0009Ut T)5, ““ — — 

960 

9. 1 91 92E-01 , 

-1 . 75S69E-02, 

-2.66863E 04, 

-7.60902E 05, 

970 

-6.56489E-02, 

-1 .37342E-03, 

0 . 

0 . 

980 

-7 , 45064E-02 j 

-1 .40134E-03, 

7.45068E 00, 

2 . 2781 9E-04 , 

yycr 

“ -1 . JKflJ90t-u i", 

y . 3 <p>uj t - trj , 

0. 

cr ; ~ 

1000 

-4 . 67938E-02, 

9. 28994E-03, 

4 . 85606E 04, 

-6 . 07956E 05, 

1010 

3.39342E-02, 

9. 30818E-C , 

-1 . 48730E-03, 

4.81 962E-03, 

1020 

VH( 1,1,6)* 




1U3U 

4\"1 5JbbE-U2, ' 

" \s . /5l*4 / 1 - U3, 

04, 

1 . 8 ub _ , 

1040 

1 .06847E-01 , 

4.91303E-03, 

-1 49622E-03, 

-1 . 0081 IE-01, 

1050 

5, 71590E-02, 

3. 17839E-03, 

-5.71 581 E 00, 

6.51 942E-04 , 

1060 

-8. 68553E-01 , 

-2.40763E-02, 

-1 . 0879 1 E 05, 

1.69873E 06, 

TU7U' 

" 7796STT7E -= TJT7“ 

~~ 4 . 5T38 /bb -TJ2 

/“. 44478b 04, 

- I . 6883AE. U8, 

1080 

2.09490E-02, 

-1 . 75943E-02, 

0 . 

0. 

1090 

-8 . 87048E-02, 

-1 . 78452E-02, 

8.87096E 00, 

6. 18443E-04, 

1100 

-9. 10087E-02, 

5.41965E 03, 

0 . 

o. 

i n o 

“ -3 . &032»fc.- 02, 

572B4ulh -03T 

TT^yTJSTSE' 05", 

-2. 01 5T2L'*UG" 

1120 

1 . 18582E-02, 

5. 26224E-03, 

-2. 80764E-03, 

2 , 05359E-02, 

1130 

< 

I 

vl 

II 




1 140 

-1 . 94890E-02, 

-9.201 35E-04 , 

-1 . 99605E 05, 

-3.71644E 06, 

1 1 30 

-8 . bt>4b 1 t -o2 , 

-3. 594sfiE’ r U3r~ 

77 /0003E-04', 

-8. 05/1 7E-U3; 

1 160 

-2.02315E-02, 

-9. 13397E-Q5, 

2.02313E 00, 

-1 . 1 1 670E-03, 

1170 

5. 28601 E-01 , 

-3.47161 E -02, 

-1 . 62795E 05, 

-3.46149E 06, 

1190 

-2.60317E-01 , 

8.08325E-02, 

3.22649E 05, 

1 , 08486E 06, 

TT9D 

~ i rCT679r r rrrr" 

-4 . 661 E-02/ 

~~ cr r - 


1200 

-1 .43090E-01 , 

-5. 02994E-02, 

1 . 43097E 01, 

-1 .37415E-02, 

1210 

-9.66051E-02, 

3 . 67 1 56E-03 , 

0 . 

0 . 

1220 

-3. 31479E-02, 

3.75433E-03, 

4.51257E 05, 

-5 . 04633E 06, 

1Z30 

2. 21457F-G2, 

3,521 6UE-03, 

-i , i2S3>E-oa, 

0 . 


1240 VH( 1 , 1 , 8)* 


195 
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1250 

-8.59818E-02, 

-9 . 38703E-03 , 

3.49865E 

06, 

7.30779E 07, 

1260 

9. 20982E-01 , 

4.43920E-02, 

-6.49035E 

03, 

-3 . 52559E-01 , 

1270 

-2 . 04736E-01 , 

-1 . 332 1 7E-02, 

2.04756E 

01, 

-4.511 68E-03 , 

1260 

6 . 00505E-02 , 

2.4121CE-02, 

1 .57315E 

os. 

- 1 . 08044E 05, 

"T 290 

*2 - i , 

- i 75BTT3 /t-u;*, 

“5T79J73T 

03, 

1 . 245u\jt 06, 

1300 

1 .08426E-01 , 

-2. 623I9E-02, 

0. 

i 

o. 

1310 

-7. 39466E-02, 

-2.99528E-02, 

7.39358E 

00, 

-9 . 9951 IE-04, 

1320 

-4.01606E-02, 

4.67797E-04, 

0. 

I 

o. 

1 33U 

- e . 1 t-u3. 

r I3VJ7ZE-U4, 

TTTD77^r 

"os; ~ 

-2.4B604E 06, 

1340 

2.52738E-02, 

4 . 775 1 6E-04 , 

4.61006E- 

■04, 

1 . 18018E-02, 

1350 

VH<1,1,9)= 





1360 

3 . 76066E-02 , 

2 . 871 32E-03 , 

-7.25656E 

05, 

-1 . 60632E 07, 

13 /U 

” -1.741 5'JE-Ul 7 

-97Tn412t-U3, 

— = r 279TBU7ET : 

■03, 

-1 . 2 n 62E -0 1 , ~— 

1380 

7. 01 237E-02, 

2.85323E-03, 

-7.01284E 

00, 

1 . 87669E-03, 

1390 

-2 . 43039E -01 , 

7.44683E-02, 

5 . 0561 OE 

05, 

3.36087E 06, 

1400 

-7 . 94694E-01 , 

-5.35415E-02, 

-2 . 56437E 

05, 

4.47523E 06, 

1410 

“ 5 . 044&9E-U i f 

- i . 2e75cE"-U I", 

u. 

4 


1420 

*3. 3271 OE-OI , 

-1 . 37709E -0 1 , 

3.32779E 

01, 

-7 . 63690E-04, 

1430 

-1 . 9 1 437E-01 , 

-7.48542E-04, 

0. 

» 

o. 

1440 

-3.57093E-02, 

1 . 59702E-03 , 

1 . 66874E 

06, 

-9.69329E 06, 

l <i5u 

’ 1 . 5 32 y u t "- 0 1 7 

i . *:t>4 i -U4 , 

5. / /o i it 

*03, 

o. 

1460 

VH( 1,1, 10)* 





1470 

3. 1 8600E-03, 

2.02585E-04, 

-3 , 76427E 

04, 

-9. 12978E 05 , 

1480 

-8 . 27933E-03 , 

-4. 74530E-04, 

-7.31659E 

*04, 

2. 30707E-02, 

1490 

5. 49522E-U3," 

IT 39943t-u4 , 

-o . 1 1 

-UT, 

— =B. 943396-04, 

1500 

-1 . 92289E-02, 

1 . 01 033E-02 , 

7.34515E 

04, 

3.51430E 05, 

1510 

-1 . 15597E-01 , 

-4.02847E-03, 

-6.83470E 

03, 

6.30525E 05, 

1520 

-1 . 70336E- 01 , 

-6. 68409E-02, 

0. 

i 

0 

I 53u 

~ -6". 456/eE-u i , 

~-f . /U£fct>t-U2, 

b . 4b /96E 

■or, “ 

b . 96u76E-02, ~ 

1540 

9.84692E-01 , 

3.826413-02, 

0. 

< 

o. , 

1550 

1 . 74557E-01 , 

1 . 07258E -02, 

-1 . 01333E 

07, 

1 , 42040E 07, 

1560 

-4 . 01 507E-01 # 

2.92743E-02, 

-2, 75060E- 

•03. 

3 . 52077E-01 , 

15/0 

vfrnrrn mrs — - 





1580 

-1 . 83803E-02, 

-9. 13875E-04, 

8 . 79889E 

04, 

3 . 22563E 06, 

1590 

1 .76645E-02, 

1 . 48067E -03, 

1 . 28286E 

•03, 

-t . 02768E-O 1 , 

1600 

-3 . 32046E -02, 

-1 . 22711E-04, 

3.32139E 

00, 

1 , 77996E-03, 

IblU 

“ -2. 

=TTT9T92E r n2T 


05, 

. 28 1 7TE Ob, 

1620 

7.40864E-01 , 

-4. 18277E-02, 

-3.68476E 

05, 

-5.42963E 06, 

1630 

1 , 38860E-01 , 

-7 . 60 1 58E-02 , 

0. 

i 

0. 

1640 

-3.94345E-01 , 

-8. 76072E-02, 

3.94376E 

01. 

-1 . 33744E-01 , 

T65DT 

2 . 6644 /t-ui; , 

- 11 . buJ/OE -VZ, 

O'. " 

, 

or : 

1660 

-2,075586-02, 

-6, 14449E-03, 

1 . 34747E 

05, 

2.38528E 07, 

1670 

3. 47437E-01 , 

-2.6 1 423E -03 , 

-2.47477E 

*02 , 

-6 . 66631 E-02, 

1680 

VH( 1,1,12)* 





1690 

noyasyt-u;?. 

8. 9 1 6 1 yb -U4 , 

-3T5930se 

04 , 

-3 ."02’244E 06] 

1700 

-8. 83779E-03, 

-1 . 32544E-03, 

-1 .28773E 

*02, 

-2.38399E-01, 

1710 

4 . 65963E-02, 

-4 . 42781 E -05, 

-4.66054E 

00, 

8.75495E-03, 

1720 

1 . 73320E-01 , 

1 . 19253E-01 , 

1 . 10275E 

06, 

-4.0531 IE 05, 

l >30 

-4 . 736 i rit-oi , 

" 9 . UbU93ti -02, 

6 ."457 44 E 

057 

3 . 75b 7Ut 06, 

1740 

-8. 14515E-01 , 

6.91 939E-02, 

0. 

4 

0. 

1750 

-4 , 22224E-01 , 

6 . 82724E -02 , 

4.221 15E 

01, 

-1 . 05964E-01 , 

1760 

3. 17365E-01 , 

-4.58956E-02, 

0. 

4 

0. 

T77TT 

= T7T75BOF r OT7 

- 1 .“9333/E-OZ, 

=1 . 6B304E 

“06 — 

r ZZTFnT’OB', 

1780 

7.88442E-01 , 

2 . 0337 1 E -03 , 

-8. 89706E 

“02, 

0. 

1790 

VH( 1 , 1 , 13)* 





1800 

3. 29643E-02, 

1 . 18168E-03, 

1 . 15892E 

05, 

-4.67559E 06, 

TeYO 

— -0. 76463E-04 “ 

-2. 0i534£-O3, 

-2. os4b1E 

-dz, 

=T 5 0650 E '-‘OS', 

1620 

-1 .44307E-01 , 

-1 . 18870E-02, 

1 .44316E 

01. 

1 . 0961 3E-02, 

1830 

4.57845E-01 , 

1 32288E-01, 

1 . 40352E 

06, 

-5.96954E 06, 

1840 

6. 22903E-01 ( 

. 26498E-02, 

7. 16325E 

05. 

-6.06684E 06, 

TB5TT 

3. Z7570T r OTT 

“'-4T54824E-0Z, 

.. -0 ■ 

, 

p- ; — — 

1660 

2. 74332E-02, 

-5. 1 6429E-02, 

-2. 74333E 

00, 

-4 , 725 34E-02, 
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1870 -1 . 25036E-01 , 
1880 1.79515E-01, 
1890 *2 . 31 801 E-01 , 
1900 VH( 1,1, 14)* 

-3.75561E-02, 
-9. 86882E-04, 
3.721 13E-02, 

0. 

-3. 14419E 05, 
9.31 162E-03, 

0. 

6.31808E 07, 
7.44929E-02, 

791 U 

l* I 2D • 

— is i rmiTM 

— m i ii ■ i im 

■nrt-rrrmTT— ■ 

1920 

1 .77421E-02, 

-2. 54281E-03, 

4 . 68700E-02, 

-2 . 5C200E-01 , 

1930 

9.80H3E-03, 

-7. 15012E-03, 

-9.80327E-01, 

6. 37044E-04, 

1940 

4 . 28386E-01 , 

2. 20672E-02, 

1 . 04682E 05, 

-1.07308E 07, 


— inni m im 

ma aati m 

■ESI FA? i 

— ^rrnTii^TT^^— 

1960 

-6.59824E-02, 

1 . 61992E-02, 

0. 

0. 

1970 

7.66610E-02, 

2.43126E-02, 

*7 . 6571 0E 00, 

-3.79008E-02, 

1980 

1 . 55399E-01 , 

4. 69702E-03, 

o. 

o. 

1 



2 . 2285 1 fe. ub , 

"" TT9TOU0E 0/, 


2000 


8 . 401 30E-02 , 


3 . 69431 E-03, 


1 .05644E-02, -8 . 451 53E-02, 


2010 SEND 
2020 8LIST2 


2U'JU 

2040 

2050 

2060 

1 1 TCET 7 bbh-UXS” LH KOI ON 
I SUB* 2, 

XREF* 0. 

YREF* 0. 

VUBSTSTEH HOR1ZON1AL , 

207tr 

= err 

j 



2080 

PTS* 




2090 

1, -166.991, 0. 

0. 

1 

2100 

2, -177 

985, 0. 

0. 

i 

w 

~ 31 -T72 

1 56, U~. T 

0. 

J 

2120 

4 , - 1 94 

778 4 0. 

0. 

1 

2130 

5, -230 

808, 0. 

0. 

1 

2140 

6, -263 

325, 0. 

0. 

I 

2 ) bJ 

/, -2oy 

475, 01 7 

u. 

* 

2160 

8, -262 

115, 0. 

0. 

I 

2170 

9, -269.995, 0. 

0. 

1 

2180 

10, -278 

335, 0. 

0. 

i 

2 i yu 

Arwuts- 




2200 

52.6, 

3.70153E 01, 

0. , 

1 , 

2210 

61.7, 

4.25950E 01, 

0.. 

1. 

2220 

1272.9, 

1 . 17390E 04, 

0. , 

0, 

22^6 

. 6, 

f , f4 i 0 Jt u5, 

0. , 

o, 

2240 

8121 . 1 , 

8. 12466E 04, 

o. , 

0, 

2250 

16218. 1, 

3 . 86391 E 05, 

* , 

0, 

2260 

28097.6, 

1.Q0853E 06, 


0, 

22 7U 

■ him im 


— ur 

U| 

2280 

40193. 1 , 

3.45996E 06, 

0. , 

0 

2290 

43145.7, 

7.54853E 06, 

o. , 

0, 

2300 

50931 . 1 , 

4.25315E 06, 

0. , 

0, 

v<j 1 U 

— III i n rriiiii 

i* l i si ■ MHki 

u. , 

u, . 

2320 

69020.3, 

1 . 09654E 07, 

0. , 

0, 

2330 

87068.4, 

9 . 70691 E 06, 

0. , 

0, 


2340 VH( 1,1,1)* 



*2350 — 

■a'liiiiBriiiniiNH 

— nrrrmarna 

^r: /Bgavb oo. 

— TTHTIHII 


2360 

-7.90414E-01 , 

1 . 00743E-02, 

-3 . 51 826E-07, 

2 . 45438E-06 


2370 

-8 . 50588E-01 , 

9. 78894E-03, 

8.5O580E 01, 

-9.4151 3E-07 

« 

2380 

-6 , 21 365E-01 , 

1 .00637E-02, 

-7.09100E 00, 

-2.73612E 02 


i 

— m-riri i n 

— 1 1 r ir m i — 

— riri-rrm 

laltJH 

=77 


2400 

6.75069E-02, 

1 . 00467E-02, 

0. 

j 

0. 

i 

2410 

1 , 29294E-01 , 

1 . 00467E-02, 

-1 . 29294E 

01, 

-3, 

20065E-07, 

2420 

5 . 53471 E-02 , 

1 . 00475E-02, 

0. 

t 

0. 

« 


T4OT” 

2440 

2450 

2460 

24 7 0 " 

2480 


1 . 34 1 fg F 

2. 18317E- 
VH( 1,1,2)* 

9 . 95809E* 
1 , g F B95 E' : 


TTT7 

01 , 

02 , 
xn r 


004 74 b -0 2 , " 
00475E-02, 


■2, 3952 7 E 00, 
-9.07141E-08, 


- i rgyprar o i . 


94191E- 

" W 1^ 4 E - 


1 . 40598E-01 , 


03, 

TO7 


2.29829E 00, 
4 " 0 g g5g E -0B, 


7.r 181E-03, -1 .40598E 01, 


4. 16402E 01 , 

' On 8 4 7E -057 

1 .24909E-07, 
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urf 


2490 

3.20213E-01, 

7 . 9371 1 E-03, 

“1 33332E 

■01. 

“1.67524E 02, 

2500 

6 . 05905E-01 , 

7 . 923 1 9E “03 j 

-3 . 6540 1 E 

00 , 

-I .01332E 02, 

2510 

8 . 63468E-01 , 

7 . 92235E-03, 

0. 

« 

0. 

2520 

9. 12188E-01 , 

7 . 92225E-03 J 

-9. 12188E 

01. 

“1 .84191E-06, 

^5ju 

b . SubVi^L -u r, 

“ 87 6 15bbE -u J, 

u. 

t 

u . , 

2540 

9. 17653E-01 4 

8.51 563E-03, 

“3. 00366E 

01. 

7.73532E 01, 

2550 

9. 89015E-01 , 

8.51 568E -03, 

6. 52911E 

•oe, 

1 . 09208E-06, 

2560 

VH( 1 , 1 ,3)* 





25 /U 

S.el jU5E- 02 

“ 3 . 4 - u2 , 

“1 . 1 


— “5.uuyy2t uar; 

2560 

-3 . 06364E-01 , 

-3 , 404 1 7E-02, 

2. 79200E- 

-04. 

6 . 92826E-03, 

2590 

-1 . 0716QE-01 , 

-3. 39926E-02, 

1 . 07167E 

01, 

7 . 20209E-06, 

2600 

-7,611 93E-01 , 

-2. 28152E-0Z, 

5.46354E 

01. 

3.8S218E 05, 

k!b 1 U 

-a . u /40bt “U 1 , 

1 . Z 1 04 1 t“Uz , 

3 1 ’> 7lfiL 

03, 

^ . zo i azt uo , 

2620 

“1 . 26403E-01 , 

3 . 59897E-02 , 

0. 

* 

0. 

2630 

9 . 49461 E - 02, 

3 , 5992 1 E-02, 

-9 . 49461 E 

00, 

1 . 64279E-05, 

2640 

“1 . 76347E-01 , 

3.73208E-02, 

0. 

« 

0. 

Z6bU' 

1 . 1 bZZbb ~ U 1 , 

3 . /uObbt-uz, 

"" J . U 1 J/Ut 


“b . Z ^az6b u4 , 

2660 

4. 29291E-01 , 

3.731 82E-02, 

6. 84829E 

■05, 

5.86181 E*04, 

2670 

VH( 1,1,4)* 





2680 

8. 10259E-02, 

3 . 54076E *02 , 

1 . 16643E 

04, 

3.02215E 05, 

2690 

4 . 74 1 b /t * U i , 

3“. 56062E‘ r U27 

4 . 

-t 34;- 

0 .0f2aaot“U^, 

2700 

2 , 62342E-01 , 

3.52978E-02, 

-2.62343E 

01, 

“2 . 23729E-04 , 

2710 

5. 71814E-01 , 

-4. 91938E-03, 

-3.70529E 

04, 

-1 . 00471 E 06, 

2720 

-6, 1 9833E -0 1 , 

“3 . 47851 E-02, 

“3.90910E 

04, 

4.53695E 05, 

Z S JU 

“ “b . 3b lbbfc. -X> i 7 

“ b . /6'8bbt -US', 


1 

^ ■ i 

2740 

-2. 19530E-01 , 

6 . 759 1 6E-02, 

2. 19530E 

01, 

-1 .63720E-04, 

2750 

-7, 61359E-01 , 

8.00184E-02, 

0. 

4 

0. 

2760 

“1 . 52295E-01 , 

7 . 99 1 84E-02 , 

3. 22834E 

04, 

“7.79195E 05, 

Z77CJ" 

o . zuyjjt. -ui , 

— / . yybybL-uy, — 

" “ 1 . 500 

-03, 

— rrru7ZTE r D27 

2780 

VH( 1 , 1 , 5) a 





2790 

“4 . 094 1 4E-02, 

-6.61501 E-03, 

-2.48800E 

04, 

-5 . 39851 E 05, 

2800 

“1 . 20998E-01 , 

-6 . 97684E-03 , 

-9.57468E 

■04, 

4 . 65526E-03, 

2810 

“7.31 -u2, 

-^74 1b29t-0y 4 

rOT247f 

uu, 

"* 9. /^nt-UO, 

2820 

3 . 79934E-01 , 

3. 1 1414E-02, 

7.73044E 

04, 

3.00090E 05, 

2830 

9. 1 9 1 92E “0 1 , 

“1 . 75669E-02, 

-2. 66863E 

04, 

-7.6C902E 05, 

2640 

“6 . 56489E -02 j 

-1 . 37342E-03, 

0. 

1 

0. 

2650“ 

“ f . 43Ub4(L “ U2, 

- 1 . 4b rj4t -dlT, 

/ . 45Ubbt 

ou, 

U. 278 1 yt-U4", 

2860 

-1 . 23090E-0 1 , 

9, 36704E-03, 

0. 

I 

0. 

2870 

“4 . 67938E“02, 

9.28994E-03, 

4 . 85606E 

04, 

-8.07956E 05, 

2880 

3 . 39342E- 02, 

9.30818E-03, 

-1 , 48730E 

-03, 

4 . 01 962E-03, 

2B90 

VH( 1 , 1 ,B>* 





2900 

4. 1 5366E-02 j 

3 . 75047E“03j 

0. 75690E 

04, 

1.67503E 06, 

2910 

1 . 06847E-01 , 

4.91 303E-03, 

-1 . 49622E 

-03, 

“ 1 , 0081 1 E-01 , 

2920 

5.71 590E“02, 

3. 17839E-03, 

“5.71581E 

00, 

6.51 942E“04, 

2900 

“8 . 68ob3E“OT , 

-Z. 40/83^-02, 

r T7TJB*70TE" 

Ob, 

1.89B/-Jt Ub , 

2940 

7.96637E-01, 

4.23675E-02, 

7.44478E 

04, 

-1 . 68834E 06, 

2950 

2, 09490E-02, 

-1 . 75943E-02 j 

0. 

« 

0. 

2960 

“8 , 87048E-02, 

-1 .78452E-02, 

8.07O96E 

00, 

6. 1 8443E-04, 

"2970" 

=TTT0097Er r 02: 

" 5 . 4 TW5E-03“ 

0. 

» 

0 , j 

2980 

-3 . 90328E-02, 

5 . 28401 E-03, 

1 . 49345E 

05, 

-2.01512E 06, 

2990 

1 . 1 8582E-02, 

5.26224E-03, 

-2.80764E 

-03, 

2.05359E-02, 

3000 

VH (1,1,71* 





"SOTO" 

-I 94630E“02^ 

“9. ZU135E-04, 

- 1 . 9a6bd£ 

05, 

-3.71'e44E ob, 

3020 

-8 . 56451 E“02, 

-3 . 59491 E-03, 

7.70003E 

■04, 

-0. 0571 7E-03, 

3030 

“2 . 023 1 5E“02, 

-9. 13397E-05, 

2.02313E 

00, 

-1 . 11670E-03, 

3040 

5 . 28601 E-01 , 

-3.47161 E-02, 

“1 . 6279GE 

05, 

“3 . 461 49E 06, 

"3050" 

“2.6031 7E-0TT’" 

“ 8T 0832bE-02, 

“ 3T7TO50E" 

0t t 

1.0B466E 06, ■““* 

3060 

1 , 64673E-01 , 

-4.86127E-02, 

0. 

* 

o. 

3070 

“1 , 43090E-01 , 

“5 , 02994E-02, 

1 . 43097E 

01, 

-1 . 37415E-02, 

3080 

-9 . 66051 E-02, 

3 . 87 1 56E-03, 

0. 

i 

o. 

3090 

-3. 3 1 4 79E - 02 , 

‘ 3 . 75433E-03, 

4 . 

o3, 

-S. 640336 06, 

3100 

2. 21457E-02, 

3. 52160E-03, 

-1 . 12937E 

-03, 

o. 



OR?Qf*?.n. Ilf 
OF PCXjit QUALITY 


3110 VH( 1,1,6)* 

3120 -8.59818E-02, 
3130 9 . 20982E-01 , 
3140 -2 . 04736E -01 , 

-9 . 38703E-03 , 
4 . 43920E - 02 , 
-1 .332I7E-02, 

3.49865E 
-6.49035E- 
2. 04756E 

06, 

03, 

01, 

7.30779E 07, 
-3.52559E-01 , 
-4.51 168E-03, 

3 i ou 

b. ououst-u*. 

" kT 4 l * 1 Ufc - U2, 

1 1 57TT5T 

05, 

- 1 . U8CJ44L U5, 

3160 

-2.33935E-01, 

-1 . 58937E-03 , 

5.29473E 

03. 

1 . 24503E 06, 

3170 

1 . 08426E- 01 , 

-2. 82319E-02, 

0. 

1 

0. 

3160 

-7. 39486E-02, 

-2.99528E-02, 

7. 39358E 

00, 

-9.9951 IE-04, 

TTOT 

-a,ui bubE-U2V 

""4737737E - U4 , 

"or “ ” 

t 

u . , 

3200 

-6. 68251E-03, 

7. 13972E-04, 

3. 10774E 

05, 

-2.46604E 06, 

3210 

2 . 52738E-02, 

4. 77516E-04, 

4. 61006E- 

04, 

1 . 1 601 8E-02, 

3220 VH( 1 , 1 , 9>« 





TJ23G 

3. /bubbt *U2, 

J2t. -uj , 

-7725\b56t 

Wj 

- tTBOTOTE 077 

3240 

-1 . 74 1 53E-01 , 

-9.0141 2E-03, 

-2. 91807E* 

03, 

-1 .21 162E-01 , 

3250 

7.01 237E-02 , 

2. 85323E-03, 

-7. 01284E 

00, 

1 .87689E-03, 

3260 

-2.43039E-01 , 

7 . 44683E - 02 , 

5 . 0661 OE 

05, 

3.36087E 06, 

3270 ” 

- /. y4b94L -u 1 ", 

-o . ^04 Y5t-02, ' 

-2. 56437E" 

05, 

4.4/5if3E ut>, 

3260 

5.04469E-01, 

-1 .28753E-01, 

0. 

» 

0. 

3290 

- 3 . 327 1 OE-O 1 , 

-1 . 37709E -01 , 

3. 32779E 

01, 

-7.63690E-04, 

3300 

-1 . 91437E-01 , 

-7.48542E-0 4, 

0, 

, 

o. 

33T0 

-3 . o >093E'-U2 j 

i “5?/U2t-T3y , 

" i r6b'8/4't 

Ob, 

-9:8y329E Ub", 

3320 

1 . 53290E-01 , 

1 , 26413E-04, 

5 . 7751 IE* 

*03, 

0. 

3330 VH( 1,1,10)* 





3340 

3. 18600E-03, 

2. 02565E-04, 

-3. 76427E 

04, 

-9.12978E 05, 

*3350 

* FT77 - U3. 

-47 , 

/ .’3 1 b5"9t 

-04, 

" 2 "3U707E ,r 0Z, ” 

3360 

5 . 49522E-03, 

1 . 39945E-04 , 

-5 . 49481 E* 

■oi, 

-6. 94339E-04, 

3370 

-1 . 92289E-02, 

1 . 01033E-02, 

7.34515E 

04, 

3.51430E 05, 

3360 

-1 . 15597E-01 , 

-4 . 02847E * 03 1 

-6. 83470E 

03, 

6.30525E 05, 

"3300 

- 1 . -u ' , 

~ b 76FTOTE ^5T t 

U. 

« 

. i 

3400 

-6.45676^-01 , 

-7.70266E-02, 

6.45796E 

01, 

6.96078E-02, 

3410 

9. 64S92E-01 , 

3. 82C41E-02, 

0. 

t 

0. 

3420 

1 .74557E-01 , 

1 . 07258E-02 , 

-1 .01333E 

07, 

1.42040E 07, 

3430 

-7T U1 5U/E-U T , 

Z7yZ7X3F=VT t — 

=7* .75TJbOE : 

*03, ■' 

" 'JT. 52T5T7E -DT" — 

3440 VH( 1,1,11)* 





3450 

-1 . 83803E-02, 

-9. 13875E-0 4, 

8. 79889E 

04, 

3.22583E 06, 

30 60 

1 . 76645E-02, 

1 .48C67E-03, 

1 . 28266E-03, 

-1 . 82768E-01 , 

■3470 

r 3C32U43F r lT2; 

-1 ; 227"Tlfc-U 4, 

332 1 


”1 . / /96bt-u3^, 

3480 

-2. 1 9366E-02, 

-9. 19192E-02, 

-7. 70495E 

05, 

-1 . 281 71 E 06, 

3490 

7 . 4O064E- 0 1 , 

-4. 1 8277E-02 , 

-3 , 684 “*6E 

05, 

-5 . 42963E 06, 

3500 

1 . 38860E-01 , 

-7.601 58E-02, 

0. 

» 

0. 

3510 

-37~94346t~-Ol , 

" - 8 .'7lfU / c E - 02/ 

" 3TSW37BET 

"or, 

-T. tf3 744t-"Ul 7 

3520 

2 . 66447E-Q2, 

-1 . 30370E-02 4 

0. 

i 

0. 

3530 

-2.07558E-02, 

-6. 14449E-03, 

1 . 34747E 

05, 

2.36528E 07, 

3540 

3 , 47437E *0 1 , 

-2 . 61 423E-03, 

-2.47477E 

- 02, 

-6.88631E-02, 

3550 Vm 1,1,121 = 





3560 

2 . 03852E-02, 

8.9161 9E-04 1 

-3.59305E 

04, 

-3.02244E 06, 

3570 

-9 . 83779E-03, 

-1 . 32544E-03, 

-1 . 28773E 

■02, 

-2. 38399E-01 , 

3580 

A , 65963E -02 , 

-4.42761E-05, 

-4. 66054E 

00, 

8. 75495E-03, 

3590 

“ T . 73T2bE-Ql , 

“ l ."is253E-"dv, 

r7T027ET 

06, 

-4 , ODiii It U5, " 

3600 

-4. 73616E-01 , 

9. 06093E-02, 

8.46144E 

05, 

3.75570E 06, 

3610 

-6. 14515E-01 , 

6.91 939E-02, 

0. 

i 

o. 

3620 

-4.22224E-01 # 

6.62724E-02, 

4.22115E 

01, 

-1 . 05964E-01 , 

363d 

* 3. 1 /366t-01 , 


0. 

i 

u. 

3640 

-1 . 27569E-01 , 

-1 . 93337E - 02, 

-1 . 68304E 

06, 

1 . 22781 E 06, 

3650 

7.88442E-01 , 

2 . 0337 1 E - 03, 

-8. 89706E 

-02, 

o. 

3660 VH( 1,1,13)* 





36 70 

3. 29543E-0Z, 

TTTBTOTE^nrr 

r.l 5092E 


-4 . BVsSst Ob , —~ 

3660 

-3 . 76463E-04 , 

-2 . 01 534E-03, 

-2, 06401E 

■02, 

-6. 50660E-02, 

3690 

-1 .44 307E-01 4 

-1 . 1 8870E-02, 

1 . 4431 6E 

oi , 

1 .09613E-02, 

3700 

4 . 57845E-01 , 

1 . 32288E-01 , 

1 . 40352E 

06, 

-5.96954E 06, 

373 u 

5 .22903E-OY, 

"7“. ^b^yet-az, 

77TB325F 

05, " 

- 6 , O6504E.' 06, — — 

3720 

3 . 27570E-01 , 

-4.54824E-02, 

0. 

« 

0. 
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3730 

2 . 74332E-02, 

-5. 16429E-02, 

-2.74333E 

o 

o 

-4 . 721 34E-02, 

3740 

-1 . 25038E-01 , 

-3 . 75561 E-02, 

0. 

1 

0, 

3750 

1 . 795 1 5E - 01 , 

-9.8G882E-04, 

-3. 14419E 

05, 

6.31808E 07, 

3760 

-2.51881E-01, 

3.721 13E-02, 

9.31 162E- 

03, 

7 . 44929E-02, 

37 7U 

"VHT T 4 1/14)8 





3780 

2 . 40046E-02, 

7 . 55830E-04 , 

4. 95567E 

05, 

-6.25034E 06, 

3790 

1 . 77421 E - 02, 

-2.54281E-03, 

4 . 68700E- 

02, 

-2 . 50200E-01 , 

3800 

9.801 13E-03, 

-7. 15012E-03, 

-9. 80327E- 

01, 

6. 37044E-04, 

3810 

4 . 28386E-0T ~ 

^ . ZUb /zfc. _ U£, 

i . uooezb. 

03, 

1 . 07308E ' 07, 

3820 

4. 1 1269E-01 , 

-1 .06370E-01 , 

-1 . 60979E 

06, 

-4.42671E 06, 

3830 

-6 . 59824E - 02, 

1 . 61992E-02, 

0. 

« 

o. 

3840 

7 . 666 1 OE -02, 

2.43126E-02, 

-7 . 6571 OE 

00, 

-3. 79008E-02, 

4b5u 

■ ■ t. 55’jyyt-ui , 

4 . by fUdtL- U3 , 

U . 

» 

_ q- ; — 

3860 

-1 . 61 208E-01 , 

-1 . 49924E *03 , 

2. 22851 E 

06, 

1.94000E 07, 

3870 

8.401 30E - 02, 

3 . 69431 E - 03, 

1 . 05644E- 

02, 

-8 . 45 1 53E -02 , 

3880 

8E1NO 





3890 

5L1ST2 





3900 

7 I 1 LE= 'EEE-ICLS 

CORE ROTOR SUBSYSTEM VERT I CAL 4 


3910 

1 SUB* 4 , 





3920 

XREF* 0. 






YREF'5 0“ ; 





3940 

ZREF* 0. 





3950 

PTS* 





3960 

11, -201.040, 

o 

o 

* 



“397TT 

nr; - 20 / , 570 , 

- tjT- 

, 



3980 

13, -217.010, 

0. 0. 

i 



3990 

14, -223.000, 

0. , 0. 

j 



4000 

15, -228.010, 

0. , 0, 

i 



1 u 

7b , - 230 . u /'u , 

■ "u. , u:'" 

, 



4020 

17, -238.395, 

0. , 0. 

i 



4030 

18, -250.665, 

0. , 0. 




4040 

19, -255.465, 

0. , 0. 

i 



4050' 

20 , - . 325 , 

u. , a. 

i 



4060 

XMODES= 





4070 

73.0, 6.42149E 01, -34,6, 

1 , 



4080 

138.9, 5.60683E 01, -34.6, 

1, 



4090 ’ 

‘ib^oo.9, /.bbk^lE ub, 

" 0“, 



4100 

29833.1, 2.36088E 06, -34.6, 

0, 



41 10 

30775.0, 1 . 661 1 2E 06, -34.6, 

0, 



4120 

51786.9, 1.211 77E 07 , -34.6, 

0, 



4 1 3U 

bb9 1 5". T~ t 4.53feVk:t u// - 3T4 . U , ' 

J, 



4140 

74533.8, 1.15269E07, -34.6, 

0, 



4150 

87082.3, 3.56812E 07, -34.6, 

0, 



4160 

VH( 1 , 1 , 1 ) 3 





4 1VU 

-5 . 3309/t -ul 

- 7 ", 4 9H5 2 1 -u3 , = 

- o . jyuy /t. 

0T7 

0 . j 

4180 

-5.82818E-01, 

-7 49787E-03, 

-4.40922E 

01. 

3 . 379 i 3E 02, 

4190 

-6.52843E-01, 

-7.49614E-03, 

-3. 7150CE 

01, 

7.36234E 02, 

4200 

-6 . 97746E -01 , 

-7.49542E-03, 

-3.41078E 

01, 

9 . 51 651 E 02, 

42 1 U 

-7. 35298E 1 0V; — 

“ • 7 . 4^5 77 t-OT, 

”T\ b92R2t 

U1 , 

i . uyi yyt 'uy, 

4220 

* 7 . 882 1 4E-01 , 

-7.4 9481 E - 03 , 

1 . 949 1 6E 

00, 

1 . 17532E 03, 

4230 

-8. 13140E-01 , 

- 7 . 493 1 4E - 03, 

8. 21044E 

00, 

1 . 16859E 03, 

4240 

-9 , 06555E -01 , 

-7. 50176E-03, 

2. 07577E 

01, 

1.00899E 03, 

“475TT 

=9T. "4 1 os’BE-'trr, — 

-t: suttbe'-os; ~ 

— 9. 545/0E 

U1 , 

7'. 69175b "02, 

4260 

-1 . OOOOOE 00, 

-7 . 49982E -03, 

1 . OOOOOE 

02, 

0. 

4270 

VH( 1 , 1 , 2 ) ■ 





4280 

9. 34274E-01 , 

-2.2981 IE-02, 

9.34274E 

01, 

0. 

“4290" 

— /. 01 91 6b -"01 ,“ 

— =tt:73B2of-o?; — 

4“~ T545TE" 

01 , 

' -4. /1862ET32; 

4300 

5.67253E-01 , 

-2.29844E-02, 

1 . 9931 7E 

01, 

-7.95917E 02, 

4310 

4. 29574E-01 , 

-2. 30125E-02, 

1 . 19206E 

01 , 

-8.79679E 02, 

4320 

3. 14280E-01 , 

-2. 30127E-02, 

- 1 . 95760E 

01. 

-7.97036E 02, 

4330 

1 .513U/E-01 ; 

3U 1 Z»t-02, 

"'-T - 7S37BE" 

01.' ' 

-5 . 

4340 

7.52894E-02, 

-2.301 33E-02, 

-3.99123E 

01. 

-4.03853E 02, 



C:?;^r\. ' • •; ;. 4 

of poo* quality 


4350 

4360 

4370 

4360 

-2. 1 1703E-01 , 
-3. 17566E-01 , 
-4 . 98446E -0 1 , 
VH( 1,1,3)= 

-2 . 30 1 38E - 02 , 
-2. 30137E-02, 
-2. 30130E-02, 

- 3 . *71 73E 01, 
4.30570E 01, 
4.98446E 01 , 

1 . 12434E 02, 
3.60344E 02, 
-6.70156E-06, 

"4390' 

O . tUDODt'U 1 , 

-4 . 672T6E 'Xj2* 

*" 8.b0b5bL 01 , 

0 . , 

4400 

5. 30890E-01 , 

-4. 35582E-02, 

-5.24815E 05, 

2 . 351 81 E 06, 

4410 

9. 04046E-02, 

-3. 1 8750E - 02 , 

-6.34752E 05, 

8.23814E 06, 

4420 

-1 . 65 1 04E *0 1 , 

-2.40587E-02, 

-6.25755E 05, 

1 . 22529E 07, 

4430 

- 2 . y3376E‘=or; 

- 2 . * u2T t 

~3.sj^b21E ub , 

V. 57874E 07; 

4440 

-4 . 38020E-01 , 

-1 . 55000E - 02 , 

1 .57187E 05, 

1 . 781 83E 07, 

4450 

-5.72323E-01 , 

8.57732E-03, 

3.79120E 05, 

1 . 7 1 639E 07 

4460 

-2 . 87347E-02, 

4. 78677E-02, 

5.80322E 05, 

1 . 04652E C;, 

4470 

2.51 1 ■;* 

5.21 433E - 02, 

Mil 1 1 1 1 1 ■ 1 !■ 

■ hi mirm i— — 

44 80 

6 . 66847E-01 , 

5. 22496E-02, 

-6.66753E 01 , 

-1 . 55944E-0 , 

4490 

VH( 1,1,4)= 




4500 

- 7 . 3 7 859E *01 , 

9. 16576E-02, 

-7.37859E 01, 

0 . 

**Z> 1 u 

—amaagiiiM 

— II 1 > 

■ 11 

- s* . uflo/yt Jb, 

4520 

3 . 05388E-01 , 

2. 50448E-02, 

4.40018E 05, 

-1 . 82636E 07, 

4530 

3.96130E-01 , 

7. 26918E-03, 

1 . 77027E 05, 

-2.05856? 07, 

4540 

3 . 67500E * 0 1 , 

1 .4861 IE-03, 

-1 . 33733E 06, 

-1 . 86 1 33c 07, 

4550 

2 . 16195E-U 1 , 


■a* 

mtti rrtmriT^— — 

4560 

5. 09474E'02, 

1 . 361 52E-02, 

-2.53286E 06, 

1.74985E 06, 

4570 

-3 . 09766E* 0 1 , 

5.4765GE-02, 

-1 . 86935E 06, 

2.94465E 07, 

4560 

-2. 19913E-03, 

6. 38095E-02, 

1 . 80429E 05, 

1.57649E 06, 

TOtr 


" "6 . 4b5U3h. - U2, 

Kk'i tu *'i mam 

— -4 . 3b 78 7E *01 , 

4600 

VH( 1,1,5)= 




4610 

5. 90220E-01 , 

-1 . 43280E-01 , 

5.90220E 01 , 

0 . 

4620 

-3 . 48822E- 01 , 

-1 . 10764E-01 , 

2.4161 9E 05, 

1 . 80550E 07, 


r 2 . 76290E i O r ; — 

- 9 . T> 1 1 1 / 1. - U vJ , 

11 1 siasiaM 

““ r.“bi2t>1L 07, 

4640 

2.68899E-02, 

5. 83548E-03, 

1 . 47381 E 06, 

6 6J763E 06, 

4650 

1 . 44667E* 0 1 , 

8. 18295E-03, 

8.21430E 05, 

-1 . 6*4 36 8 E 06, 

4660 

2.31016E-01 , 

6. 83852E-03, 

-6.51375E 05, 

-5.95549E 06, 

lLl£ZiSl 


■■ II 1 il 1 IM 1 !■ 


■rnri-ri-n^n— — 

4680 

-6. 74141E-02, 

1 . 35 ? 32E-02, 

*1, 15614E 06, 

1 . 14515E 07, 

4690 

-2.021 69E-02, 

1 . 66488E *02 , 

5.38064E 04, 

6.06043E 03, 

4700 

1 . 14652E-01 , 

1 . 7067 1 E * 02, 

-1 . 14703E 01 , 

0 . 

"47 ITT 

VHl 1, Y t b“J i “ 




4720 

4 . 49449E-01 , 

7. 2991GE-02, 

4 . 49449F 01 , 

0. 

^730 

8 . 42540E* 0 1 , 

7. 91258E-02, 

-5.Q1228E 06, 

-7.03927E 06, 

4740 

-4 . 51 855E-01 , 

2. 76093E-02, 

- 5 . 00784E 06, 

4.37360E 07, 

4 /bu 


M H II II 1 y 1 IM 

Mr n r m 

M II 1 1 1 1 1 ■ II—— —■ 

4760 

-3 . 77802E-01 , 

7.99993E-02, 

3.36988E 06, 

3.50489E 07, 

4770 

4 . 82792E-0 1 , 

6 . 4030 1 E *02, 

7.41345E 05, 

-2. 1 0483E 07, 

478C 

9 . 24794E-01 , 

4 . 62960E- 02 , 

* 2 . 7389 1 E 06, 

-2.76418E 07, 


miii 1 1 1 mi 1 !■ 

— mu 1 1 a 1 im 


■i n 1 1 1 1 1 ■ 11 ^^— 

4800 

-1 . 39705E-0 1 , 

2.45559E-02, 

-1 . 32174E 03, 

6.28306E 05, 

4eio 

5. 35682E-02, 

2.61 569E-02, 

-5.33C76E 00, 

3. 1 1285E-01, 

4820 

VH( 1 , 1 ,7)= 




<TB30" 

-7. 3 39fe>4E-o2“, 

— iiimiiii tm 


dt ; ~ 

4640 

2 . 6381 2E-0 1 , 

3. 16223E-02, 

-2. 14157E 06, 

-1 . 35713E 07, 

4850 

-4 , 92225E-0 1 , 

-3. 33922E-02, 

1 . 36776E 06, 

1 . 03778E 07, 

4860 

-2. 27735E-01 , 

*2. 17793E-02, 

2.91747E 06, 

1 . 06531 E 06, 

"4B7TT 

■Ksitumn 

■afniiirw 

M » 1 1 1 1 1 ■ 1 !■ 

-“3.. 5968b" '06, 

4680 

2.061 1 IE-01 , 

*2. 56275E-02, 

2.74223E 06, 

-2.98152E 07, 

4690 

4. 76695E-01 , 

-9.43368E-02, 

-2.97868E 05, 

-2.43595E 07, 

4900 

-9. 51 353E-01 , 

-1 . 1 865 1 E - 0 1 , 

6. 74165E 06, 

1 , 82991 E 05, 

mu 


MniHim 1 w 

M an 1 1 1 ■ 1 !■ 

— ill 1 1 1 1 ■ 

4920 

8.41 534E-01 , 

-3 . 84235E * 02 , 

-6.42220E 01, 

1 .2434 IE 00, 

4930 

VH( 1,1,6)= 




4940 

-1 , 67039E- 01 , 

1 . 05058E-01 , 

-1 . 67039E 01 , 

0 . 


— aama m 

WKM II I 1 II 1 !■ 

Till ) 1 1 1 ■ 1 f 

— -2 : 73474E 07, 

4960 

-9 . 40852E-0 1 . 

-7 39350E-02, 

5.54783E 06, 

2.20693E 07, 
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C f POOR QUALITY 


4970 

3. 6251 8E-02, 

-4 . 6691 3E-02 

7.99166E 

06, 

-1 . 02662E 

07, 

4980 

2. 18892E-01 , 

-4. 15407E-02, 

4. 16646E 

06, 

-1 .00619E 

07, 

4990 

1 . 09423E- 01 , 

-4.46193E-02, 

-4. 96671 E 

05, 

9.52557E 

06, 

5000 

-1 .34157E-01 , 

- 2 . 43627E-02 , 

4.52692E 

05, 

1 . 646S9E 

07, 

5u i u 

i . i 1 b i ut - u i , 

r. vbwyjE-uy; 

2 . 88/y/b 

U5, 

b . buab i t 

TJ6, 

5C20 

-8.54912E-02, 

4.76256E-03, 

-3.90042E 

05, 

-9. 38954E 

05, 

5030 

-6 . 06280E - 02 , 

6. 08836E-03, 

6.07513E 

00, 

0. 

4 

5040 

VHM.1 j9)* 






5u6u 

* b . yb i 75 b - 0 T , 

4 . Uitf, 

-U , WV75E 

01 , 

0. 

t 

5060 

-2 . 60268E-01 , 

-7 . 60908E-02, 

8 8 22E 

06. 

-4. 83259E 

06, 

5070 

5.27403E-01 , 

-8. 79504E-02, 

-1 .4b. 62E 

06, 

-2.41834E 

07, 

5080 

-4 . 29874E -01 , 

-1 . 0370 1 E -01 , 

-1 . 39952E 

06, 

9. 63344E 

06, 

■'5U90' 

*5 . bb 7 /5b - b 1 , 

'"-8 . 77 njbt-uk, 

T ' 677 THE 

07, 

8 . 954byh 

07, 

5100 

4, 1 5607E-01 , 

-7. 00149E-02, 

1 . 34540E 

07, 

4 . 5904 6E 

07, 

51 10 

9.20265E-01 , 

-1 . 32892E-01 , 

3.39450E 

06, 

3. 81 122E 

07, 

5120 

5. 33952E-02, 

1 . 3220 1 E -02 , 

-3.39056E 

06, 

6. 88529E 

07, 

5 1 JU 

“ - l . Ub / 1 4t u i , 

3 . i 5y^5£-u2, 

5 . 22U9bb 

U4, 

4 . 4«: i 7 jc. 

uo. 

5140 

1 .64784E-01 , 

3.70958E-02, 

-1 .64158E 

01, 

0. 

» 

5150 

t END 






5160 

9LIST2 




s . . 


5170 

TTTUET ' EEF-ICL S' 

UOKh KTj 1 OK bUbSTbltH huY l 4uN 1 AL 

J 


5180 

I S' ’5= 5, 






5190 

XREF* 0. 






5200 

YREF» 0. 






52 TO 

ZREF= 0" ; 






5220 

PTS* 






5230 

11, -201.040, 

0. , 0. 

i 




5240 

12, -207.670, 

0. , 0, 

j 




5z5u 

m -217 .010, 

cr ; err 

j 




5260 

14, -223.000, 

0. , 0. 

i 




5270 

15, -228.010, 

0. , 0. 

j 




5280 

16, -235.070, 

0. , 0. 

i 




5z90 

1 7 , r Z3B . 395 , 

o. '■”, “ "err 

i 




5300 

18, -250.865, 

0. , 0. 

J 




5310 

19, -255.465, 

0. , 0. 

i 




5320 

20, -263.325, 

0. , 0. 

j 




© «5«£U 

’ xnuub^ 






5340 

73.0, 6.42149E 0" . -34.6, 

1. 




5350 

138.9, 5.60683E , -34.6. 

1 , 




5360 

16458.9, 7 . 56231 E Jc, -34.6, 

o, 




53 7u 

ZST’rTTT 2' 36088E "0B, =737767“ 

0, 




5380 

387 . j,0, 1 .861 12E 06, -34.6, 

0, 




5390 

51786.9, 1.211 77E 07, -34.6, 

0, 




5400 

66913.7, 4.53672E 07, -34.6, 

0, 




54 TO 

>4533 8, T". 1 52^9^ 0 / , -34. 6 , 

0, 




5420 

87882.3, 3.56812E 07, -34.6, 

0, 




5430 

VH( 1 , 1 , 1 )=> 






5440 

-5. 33097E-01 , 

-7.49852E-03, 

-5.33097E 

01, 

0. 

J 

5450 

-5. 82818E"01 , 

-7.4a /a 7E -03, 

"-4.4092SE 

OT, " 

3.37913 E TJZi 

5460 

-6.52843E-01 , 

-7.49614E-03, 

-3.71500E 

01, 

7.36234E 

02, 

5470 

-6, 97746E-01 , 

-7 . 49542E-03, 

-3.41078E 

01, 

9 . 51 651 E 

02, 

5480 

-7 . 35298E-01 , 

-7.49517E-03, 

- 1 . 69262E 

01, 

1 . C9199E 

03, 

54 9 o 

-7. 88Z14S-01 , 

-7. 4948Tb’-0T, ~ 

T7949 1 BE 

00, 

J7532E' 

~tnr 

5500 

-8. 1 2! 40E-01 , 

-7 . 493 1 4E-03, 

8. 21044E 

00, 

1 . 16859E 

03, 

5510 

-9.06555E-01 , 

-7 . 501 76E-03, 

2.07577E 

01 

1 . 00899E 

03, 

5520 

-9,4 1056E-01 , 

-7, 50118E-03, 

9.54578E 

01 

7. 69175E 

02, 

“55TJTT 

“ - 1 . OOOOOE bo. 

“ 7 . 4^98 2b -03 , 

1 70000 Jb 

“TOT" 

0 . 

4 

5540 

VH( 1,1,2)* 






0550 

9.34274E-01, 

-2. 2961 IE-02, 

9.34274E 

01, 

i* . 

4 

5560 

7. 8191 8E -01 , 

-2. 29820E-02, 

4 . 4545 1 E 

01, 

-4. 71862E 

02, 

5570 

5. 67253E-0I 

=77^^544^-02, 

" 1 ! 993T7E 

& . 

-7. ftbal 7t 

oz, 

5580 

4.29574E-01 , 

-2 . 301 25E-02, 

1 . 1 9206E 

■•I, 

-8.79679E 

02, 
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5590 

3. 14280E-01 , 

-2 . 301 27E-02, 

-1 . 95760E 01 , 

-7.97036E 02, 

5600 

1 .51807E-01 , 

-2. 30129E-02, 

-3.76326E 01, 

-5.45828E 02, 

5610 

7 , 52894E-02, 

-2. 30133E-02, 

-3.99123E 01 , 

-4 . 03853E 02, 

5620 

-2. 11703E-01 , 

-2.30138E-02, 

-3.47173E 01 , 

1 . 12434E 02, 

fciasisi 

— a<wrM^iw 

■rmirrimw 

M II I II 1 ■ !■■■ 

m n 1 irrmrf— 

5640 

-4.98446E-01, 

-2. 301 30E-02, 

4.98446E 01, 

-6, 701 56E-06, 

5650 

VHC 1 , 1,3)= 




5660 

6 . 60656E-01 , 

-4 . 8721 6E-02, 

8.60656E 01, 

0. 

5W>/U 

2fcmS2UM 



I n nmi i 

5660 

9 . 04046E-02 , 

-3. 1 8750E-02, 

-6.34752E 05, 

8.23814E 06, 

5690 

-1 .65104E-01 , 

-2.40587E-02, 

-6.25755E 05 ( 

1.22529E 07, 

5700 

-2.93376E-01, 

-2.08682E-02, 

-3 . 37521 E 05. 

1.57874E 07, 

■57TTT 



Mil III H ■ 1 11 

f . /b i bvJt u f , 

5720 

-5 . 72323E-01 , 

8. 57732E-03, 

3.79120E 05, 

1 . 71 839E 07, 

5730 

-2 . 87347E-02 , 

4 . 78677E-02, 

5.80522E 05, 

1.04652E 07, 

5740 

2.51 953E-01 , 

5.21433E-02, 

1.05069E 05, 

6.05626E 05, 

5750 

b . bbfcui /t -U ) , 

— n i n 1 1 y i f 

Mca rm n rf i sal « > mh 

MA±mS!UMMHM 

5760 

VH (1,1,4)= 




5770 

-7 . 37859E *01 , 

9. 1 6578E-02, 

-7.37859E 01, 

o. 

5780 

-1 .21056E-01 , 

7.36535E-02, 

8.55278E 05, 

-9.04679E 06, 



m n i r r 1 1 u i iu 



5600 

3 . 961 30E-01 , 

7 . 2691 8E-03 , 

1.77827E 05, 

-2.05856E 07, 

5810 

3 . 67500E*01 , 

1 .4861 IE-03, 

-1.33733E 06, 

-1.86133E 07, 

5820 

2. 16195E-01 , 

-2 . 68551 E *03, 

-2.45527E 06, 

-6.08738E 06, 

9O«50 

1 

— i ii 1 1 y i im 


■ Ml 1 1 1 1 ■ 1 — — i 

5840 

-3.09766E-01 , 

5 , 47656E -02 , 

-1 . 86935E C6, 

2.94465E 07, 

5850 

-2. 1 991 3E*03 , 

6.38095E-02, 

1.80429E 05, 

1 . 57849E Ob, 

5860 

5. 10593E-01 , 

6 . 46503E-02 j 

-5. 10912E 01 , 

-4.38787E-01, 

'5F7tr 

vm i , i , d ) = 




5880 

5.90220E-01 , 

-1 .43280E-01 , 

5.90220E 01, 

0. . 

5690 

-3.48822E-01 , 

-1 . 10764E-01 , 

2.41619E 05, 

1.80550E 07, 

5900 

-2. 76298E *0 1 ( 

-9811 17E-03, 

1 . 3308 1 E 06, 

1 . 51 261 E 07, 

6910 

HJti 

■ n iriiHiw 

Mil lilllBIH 

6 . bi 7b3t Ob, 

5920 

1 . 44667E~C 1 , 

8. 18295E-03, 

B.2}430E 05, 

-1.64368E 06, 

5930 

2 . 31 01 6E-01 , 

6.83852E-03, 

-6.51375E 05, 

-5.95549E 06, 

5940 

2 . 3364 IE-01 , 

5 . 09406E-03 j 

-1 . 15972E 06, 

-3 . 93505E 06, 


—i m ini n i ii 

■ii hi i ii i m 

■inmnini 

Mann in ■ 

5960 

-2. C~ 1 69E-02, 

1 , 66488E “02, 

5.38064E 04, 

6.06043E 05, 

5970 

1 . 14652E-01 # 

1 . 7067 1 E‘02, 

-1 . 14703E 01 , 

0. 

5980 

VH( 1 , 1 ,6)= 




fcmsi 

4 . 4944 9E -01 , 

7. 2991 BE. -02, 

MB If 1 1 1 1 ■ If 

p- ; 

6000 

8.42540E-01 , 

7.91 258E-02, 

-5.81228E 06, 

-7.03927E 06, 

6010 

-4.51855E-01 , 

2. 76093E-02, 

-5.00784E 06, 

4.37360E 07, 

6020 

-8. 18916E-01 , 

6 . 57078E - 02 , 

-3.53359E 06, 

6.62295E 07, 


iTrnm<L>iM 

mm n 1 i m n if 


m ii i r i n ■ ii^—— 

6040 

4.82792E-01 , 

8.40301E-02, 

7.41345E 05. 

-2. 10483E 07, 

6050 

9.24794E-01 , 

4.62960E-02, 

-2 . 73891 E 06, 

-2.76418E 07, 

6060 

-7.80921E-02, 

2 V 44 1 G2E-02 j 

-4.69748E 06, 

2.08900E 07, 


—rin i in i n 

■ TIIUIBIM 

mawtrun-m-vim 

MMIIHIil 

6080 

5.35682E-02, 

2 . 61 569E-02 , 

-5.33076E 00, 

3. 1 1 285F-01 , 

6090 

< 

z 

II 




6100 

-7. 33964E-02, 

5 , 73770E-02, 

-7.33964E 00, 

0. 

61 lO 

— Him I I I !!■ 

wm in i ii i y i !■ 

■-linhtITlIB 

irt 

6120 

-4.92225E-01, 

-3 . 33922E-02, 

1 . 36776E 06, 

1 . 03778E 07, 

6130 

-2.27735E-01 , 

-2. 1 7793E - 02, 

2.91747E 06, 

1.065" IE 06, 

6140 

-6.371 01 E-02, 

-1 . 81605E-O2, 

5.64456E 06, 

-9.269 E 06, 

6156 

— ii mn oa— 

■ChlMTtll-g-T'f 

UiHM 


6160 

4 . 76695E-01 , 

-9 . 43368E-02 , 

-2 . 97868E 05, 

-2.43595E 07, 

1 61 70 

-9.51353E-01 , 

-1 . 18651E-01 , 

6.74165E 06, 

1 , 82991 E 05, 

| 61 80 

9. 37652E-01 , 

-2. 89198E-02, 

3.71352E 06, 

1 . 10582E 07, 

MHO 

— ii ii i i mw 


■a.ypw.ia.iw 


[6200 

VH( t , 1,8)» 
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Qk*^^ ■ t ,. v/ 

OF POui; 


6210 

-1 .670396-01. 

t .05058E-01, 

-1 *7039E 

01 . 

0. 

9 

6220 

4.37064E-O1, 

4 . 34 143E-02, 

-4. 18568E 

06, 

-2.73474E 

07, 

6230 

-9.40852E-01 , 

-7.39350E-02, 

5.54783E 

06, 

2.20893E 

07, 

5240 

3.62518E-02, 

-4.66913E-02, 

7.99166E 

06, 

- 1 . 02662E 

07, 


nroznrr; 

- 4 . io4b^t-uz, 

"TTTBCTBT 

W ' 

— - 1 0U619E“ 

-u/; “ 

6260 

1 . 09423E-01, 

-4.46193E-02, 

-4. 9667 IE 

05, 

9 . 52557E 

06. 

6270 

-1 . 34 1 57E-01 , 

-2.43627E-02, 

4 . 52692E 

05, 

1 . 64859E 

07, 

6260 

1. 11610E-01, 

1 .26863E-02, 

2 . 88797E 

05, 

6. 50361 E 

06, 

X290 

-8.5491 2t-U2, 

4 . / r O«?bt>fc -- ’3, “ 

-3. 9004 zt 

05, 

— -V. 38954 E 

" " 

6300 

-6.06280E-02, 

6 . 08836E ~03, 

6.07513E 

00, 

0. 

1 

6310 

VH( 1,1,9)= 
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1 .57146E-03, 

1 . 04404E 06, 

-5.82783E 06, 


6790 

1 . 70898E-01 , 

-4.86034E-04, 

6.25227E 05, 

-1.40529E 07, 


6600 

1 , 6751 5E-01 ( 

-2.46277E-03, 

2.50497E 05, 

-1.65050E 07, 


UB 10 

2 . id!55 /bt-ui , 

” - 77828 1 ut - 03, 

- 1 > IS 1 4 /ot U3, 

<1 . 1)4 1 OiCt OO, 


6620 

1 . 65279E-01 , 

-7. 1 627 1 E -03, 

-3. 1 1323E 05, 

2.35346E 06, 


6630 

-7.43865E-02, 

-2.60679E-02, 

-1.46709E 06, 

-2.37443E 07, 


6840 

1 . 17544E-01 , 

-2.52158E-03, 

-3. 1 2651 E 04, 

1.35649E 07, 


O03U 

i . 06U65E-U1 , 

r TTTT958F r OT^ 

TJ87 

~ i . 4 u7, 


6660 

1 .55875E-02, 

9.20563E-04, 

-1.34162E 06, 

2.39162E 07, 


6670 

-1 . 1 4477E-01 , 

^ . 23825E-03, 

-1 . 16676E 06, 

3.25380E 07, 


6660 

-1 . 6561 9E-01 , 

8. 13725E-03, 

-5.12796E 05, 

3.34717E 07, 


88 yu' 

n 289«yt-oi , — 

"6 . Y4888L-U4, 

1 u. 

o. 


6900 

-0 . 57900E-02, 

-2. 54658E-02, 

0 . 

o. 


6910 

-2.4675BE-01 , 

-2.55328E-02, 

-4.35042E-03, 

2. 33492E-02, 


6920 

-2.49841E-01 , 

1 . 52206E-02, 

0 . 

o. 


8930 

"VHC 1 , TTTZT* 





6940 

1 . 02496E-03, 

-3.86488E-04, 

-3. 59071 E 04, 

4.25558E 06, 


6950 

2 . 64501 E “01 , 

5 . 32372E-03, 

-1 . 14884E 06, 

-2 . 38463E 06, 


6960 

1 .24924E-01 , 

4 . 09690E -03, 

1 . 66541 E 05, 

-1.46705E 07, 


8970 

1 . 47303E ,r Xrn 

1 . 1 bfc-U-* , 

-3.TtW5bt.~03, 

-1.46zb3t u/ # “* 


8960 

1 .22701E-01 , 

-4.43544E-04, 

-6.20305E 05, 

-1 .21120E 07, 


6990 

9. 613496*02, 

-2.45506E-03, 

-6 . 04761 E 04, 

1 . 81145E 05, 


9000 

7.50644E-02, 

-2. 26147E-03, 

- 1 . 46656E 05, 

1 . 00291 E 06, 


UOTTT 

3 . 404 byt -o2 , 

: YTB8234E‘-CJ4; 

~~ 1 87 O 1 7t ob, 

' TT78482E ub, ~ 


9020 

-2 . 00245E-01 , 

-8. 76005E-05, 

-5.31215E 05, 

1.84852E 07, 


9030 

-2. 03800E-01 , 

1 .51896E-03, 

-6.44906E 04, 

1 . 96763E 07, 


9040 

-4.92166E-02, 

8 . 65945E-04 , 

1 . 94481 E 06, 

-3 . 83668E 07, 


9050' 

1 . 44 5t>l t *01 , 

-5 . 0^9 6 t- 0*3, 

1 . ^745tt o 6 , 

*d. zz4flrt d/, 


9060 

2 . 33400E-01 , 

-1 . 1 490 IE-02, 

6.25340E 05, 

-5. 43533E 07, 


9070 

-1 . 98846E-01, 

4.03927E-03, 

o. 

0 . 


9060 

-6.85991E-02, 

-4 . 96521 E-02, 

o. 

0 . 


9090 

-3 . 6231 7e-01 , 

-4 . 9>6?9£-0Z , 

7^ £46466 - 04 , 

1 . 09064E-0! , 


9100 

4 . 00737E-01 , 

-2 . 32687E-02, 

0 . 

0 . 


91 1U 

VH( 1,1, 13)= 





9120 

-2. 73462E-02, 

09232E-04, 

3.31 143E 05, 

7.20060E 06, 


TFT30 - 

" 4, 88000E-02', - 

8. >8901 £-03, 

T.46372E 05, 

- 1 . 004 2 OE 07 , 


9140 

-3 . 53280E-02 , 

3.3151 7E-03 , 

-4 . 35954E 06, 

-3.43S43E 07, 


9150 

-3.56247E-01 , 

1 . 23488E-03, 

-3.54628E 06, 

3. 17505E 06, 


9160 

-5. 15686E-01 , 

2. 89139E-03, 

-2.34859E 06, 

2.06160E 07, 


“9T7ZT 

-7. 91 95feE-0l , 

“ r864 £ 66 - 82 “ 

“ 5.981 1 3c 05, 

-* , 563^ZC 06, 


9160 

-6 . 38465E-01 , 

1 . 3B672E-02, 

1.47026E 06, 

*9 . 34 1 88E 06, 


9190 

-2.97909E-01 , 

3. 15508E-02, 

9.60669E 05, 

2.60668E 07, 


! 200 

t . 56154E-01 , 

4 . 036 1 OE - 03, 

2.61554E 06, 

-6.04368E 07, 



2. 66775E-0T “ 

-6. 5bO$4fc-Q4, 

2.T531M'8F 06, 

-7 . 1 894 5 E 67“ ~ 


9220 

1 . 63487E-01 , 

-2 . 9226 IE- 03 , 

-1 . 67894E 06, 

3.69125E 07, 


9230 

*6 . 27376E -02 , 

2.6C41 IE-03, 

-2.02925E 06, 

5.27942E 07, 


9240 

-2.39622E-0I, 

8. 90930E-03, 

-1 . 17434E 06, 

5.96007E 07, 


925b 

-4.361 17E-6I , "" 

2, 192336 -i>£. 

0 . 

b. , 


9260 

1 . 40968E-01 , 

-9 . 26286E-02, 

0 . 

o. 


9270 

-4.44076E-01 , 

-9.28013E-02, 

-4.31849E-02, 

1 .04887E-01, 


9260 

-4. 16420E-01 , 

2. 30900E-02, 

o. , 

0. 


■3553" 

VMM . 1 , l4>* 





9300 

3 . 90274E-01 , 

2.43814E-03, 

-8.02199E 06, 

1 93135E 06, 




ORIGINAL IV. • 

OF POOR QUALITY 


0310 

6 . 29585E-01 , 

4.84176E-02, 

-4.50673E 06 4 

•7.20296E 07, 

9320 

3. 12261E-01, 

2 . 83008E-02j 

-3.95620E 06 4 

-1 .02063E 08, 

9330 

1 . 1 834 1E~01 , 

1 . 31427E-02, 

-5.37194E 06 4 

“6.66023E 07, 

9340 

-1 .36306E-01 , 

6.63829E-03, 

-5.36812E 06 4 

“3.60644E 07, 

¥JOU 

-b. u/'jyst-or; 

— 1 1 1 ii y i tm 


“H . /5 1 5 , 

9360 

-4.69861E-01 , 

1 . 04125E-02, 

1.60115E 06 4 

-1.03019E 07, 

9370 

-3 . 87535E-0 1 , 

1 .76769E*02 4 

-2.44258E 05, 

1 .85315E 07, 

9380 

-6 . 52261 E“02, 

2.73649E-03, 

2 . 45761 E 06. 

“3.63086E 07, 

yjyu 


WM II 1 1 111 1 H 1 !■ 

“ 2."4 7342t 06, 


9400 

1 .49016E-01, 

-6. 1 1 068E“04 4 

9.56539E 04, 

7.23735E 06, 

9410 

7 . 70649E“02, 

-3.06945E-05, 

-9.04622E 05, 

1 . 12684E 07, 

9420 

-1 . 03902E-0 1 , 

7.61 102E-04, 

-9.50084E 05, 

2.01 104E 07, 

"9330 

9.381 lUt-UI , 

-4V42U7 Jt-uz, 

u. 

u. 

9440 

-4.20651E-01, 

7.52320E-02. 

0. 

0. 

9430 

5.39595E-02, 

7.52899E-02, 

9.76562E“01, 

7.95491E-01 , 

9460 

-1 .45327E-01, 

7 . 48273E-03 4 

0. 

0. 

9370 

VH( 1' 1", T57 = 




9480 

-0.0O63OE-O1 , 

-1 . 01 729E“02 4 

1 .89105E 07, 

8.90586E 07, 

9490 

1 .68366E-01 , 

1 .70121E-02, 

“1 . 23136E 06, 

“2 . 82470E 07, 

9300 

1 . 66374E-01 4 

8.63626E-03, 

“9. 9644 IE 05, 

“3.87Q26E 07, 

9MU' 

—amaaf 

“ 2. 74Y7bfc-03, 


-2Y75b1 ltl)/, ““ 

9520 

-8.41002E-03, 

8.65596E-06, 

-2. 1 3301 E 06, 

-1 .56124E 07, 

9530 

“2.09043E-01 4 

2.00630E-03, 

2. 39231 E 05, 

‘4.62615E 05, 

9540 

-1 . 7454 1 E“01 4 

1 .39651E-03, 

5.98867E 05, 

“3.31498E 06, 

95*50 

- 1 . 553/2t “0 1 , 

■ nrminni 

■rwnrmrrM 

— Ill 1 1 1 1 ■ 1 1^—— 

9560 

-5. 19763E-02, 

3.79682E-05, 

1 . 17732E 06, 

“8.e768eE 06 , 

9570 

1 .44227E-02, 

-4. 16940E-04, 

1.27040E 06, 

“1.45996E 07, 

9580 

7 . 93572E-02, 

2. 1014OE-O4, 

1.79099E 05, 

2 . 2051 OE 06, 



■» 1 1 1 1 1 y !■ 


M ■■■ 1 1 1 1 ■ 1 1^^— ■ 

9600 

-5.31 1 26E“02, 

1 . 14929E“04 4 

“5.42054E 05, 

8Q8736E 06, 

9610 

2 . 44892E-01 4 

-2 . 4 1492E-02, 

0. 

0. 

9620 

“3.4191 9E“01 4 

3, 86477E-02, 

0. 

0. 

1 

iifiiiimiw 


■MimTiTi-rf 

■ iiki ii ii 

9640 

“6. 1 7626E-02, 

3.21297E-03, 

0. 

0. 

9650 

VHC 1,1,16)= 




9660 

-2. 8631 9E-02, 

-5. 96973E-04, 

7.23115E 05, 

9. 9604 IE 06, 

9F70 

— ■■ 1 1 I II 1 1 1 !■ 

wm'mrnwrm 

■rnm-rmn-T 

* 1 . 96 1 5 7t 0 7 , 

9680 

-2.44390E-O1 4 

9. 64G97E-03, 

-4.72482E 06, 

1.73793E 07, 

9690 

-4.23547E-01 . 

1 . 64043E-02, 

-2.C2195E 06, 

4.34775E 07, 

9700 

-3. 64035E-01 4 

2 . 20084E“02 4 

1.07347E 04, 

4. 19019E 07, 

Ulill 


m ii ii i i i y i !■ 

— ii i i ii i ■ i m 

■r-irfrrn^M^t— — ■ 

9720 

“1 .04342E-01 , 

3. 340G3E-02, 

1 . 1 084 1 E 06. 

-1 . 55439E 07, 

9730 

6.74736E-02, 

1 . 13230E-02, 

-9.09714E 05, 

“2. 11327E 07, 

9740 

5 . 58244E-01 , 

1 . 69033E ‘02, 

-4.38496E 06, 

“6 . 2692 1 E 07, 


— n 1 1 1 1 m 

■nriTfiirfi 

■rmriTiTyi 


9760 

-6 . 55526E“01 4 

“1 . 36 1 48E“02, 

“5.09073E 06, 

4.01523E 06, 

9770 

“7.67344E-01, 

-9 . 0044 1 E“03 4 

3.25542E 06, 

3.27680E 07, 

9780 

4. 85856E“01 4 

2.68077E-03, 

6. 56601 E 06, 

-1 . 72660E 07, 

'9790 

— ir mnn 

■ ii i hi i in >■ 

o. 

0, , 

9800 

1 . 0714 1 E“01 4 

-5 . 29669E-03, 

o. 

o. 

9810 

7.43258E-02, 

-5 . 25654E-03, 

4.42341E-05, 

2 . 90952E-Q2, 

9820 

2.56122E-01 4 

“1 . 53058E-02, 

0. 

0. 

9830 

QiimiiuaHHi 




9840 

-5 . 37854E-02, 

“1 . 1 31 85E“03 4 

1 . 64 1 59E 06, 

2, 15377E 07, 

9850 

2.00653E-01, 

1 .99454E-02, 

“2.67299E 06, 

-4.59547E 07, 

9660 

“5 . 34985E-01 , 

1 . 851 90E“O2 4 

*6 . 47760E 06, 

2.96734E 07, 

$870 

i h 1 1 1 1 1 II i— 

■ iiiiiiiuib 

MB fch 1 


9660 

-4. 12002E-01 4 

3.33706E-02, 

2 32413E 06, 

3.23168E 07, 

9890 

-5.72103E-02, 

3.73935E-02, 

1 . 67690E 05, 

“4.35808E 06, 

9900 

1 . 83422E*01 4 

3 . 45559E“02, 

-3.76652E 04, 

-1 . 19583E 07, 

9910 

4 . 1 845 1 E - 0 1 , 


— ifTTTn bi m 


9920 

1 .00606E-02, 

9 . 26073E-03, 

-4. 13298E 06, 

-4 , 29426E 07, 


209 
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OF POOR QUALHY 


•030 

•940 

•930 

•960 

-2.07272E-01 , 
3.69464E-01 , 
6 . 65486E-01 , 
-4 . 40958E-01 , 

4 . 04635E-03, 
1 . 67788E-02, 
1 . 59527E -02, 
-1 . 37905E “03 , 

-3.60123E 06, 
6.71787E 06, 
“2.05782E 06, 
- 7 . 26648E 06, 

-2.91402E 07, 
-2.26149E 06, 
-6.03377E 07, 
-2.16903E 07, 


"9970 

4. u633bfc-oi, 

2 753 /5 lb-02, 

0. , 

U. i 


9980 

4.59992E-01 , 

-2.35185E-02, 

0- 

0. 


•990 

3. 14452E-01 , 

-2.331 17E-02, 

1 .04195E-02, 

3. 19781E-01 , 


10000 

-5. 24439E-03, 

5. 12635E-03, 

0 . 

o. 


TUUl 0 

VHL 1 7 1 7TBT5 





* 0020 

•4. 1 2063E-02, 

-7.731 15E-04, 

1 530 !6E 06, 

1.51822E 07, 


10030 

1 , 43279E*01 , 

1 . 10665E-02, 

-2.77044E 06, 

-2.68477E 07, 


10040 

4 . 28485E-Q2, 

3.67569E-03, 

6.69870E 06, 

-4 . 03851 E 07, 


1 Uuou 

“ 4 . 83381 b-UTT 

. 9431 6b. -03, 

3 . 59349b 06, 

— - 97 U 2048b 07, 


10060 

5 . 00264E-01 , 

-2. 19298E-02, 

1.11379E 05, 

-9. 32014E 07, 


10070 

8.51 136E-01 , 

-6.03422E-02, 

-1.70655E 06, 

9.86712E 06, 


10060 

3.34923E-01 f 

-O.21016E-02, 

-3.44370E 06, 

3.89747E 07, 


'10090 

-3 .64ux/t-or; 1 

-T. yz /zbb-uz. 

-r yu4T9L 06 ; 

3. 3848 /b 0/, 


10100 

-4 . 68709E-01 , 

-2.06712E-02, 

7.22704E 06, 

7.90403E 07, 


10110 

-1 . 1 7659E-02, 

-1 . 04423E- 02, 

9. 1 0701 E 06, 

5.23352E 07, 


10120 

-6.63707E-02, 

-1 28518E-02, 

-3.86450E 06, 

-1.92079E 07, 


TUT 30 

^5.' lU992t“U! 7 

- 1 . 

9 "78 B4bb U5',"" 

374T698E7U7, 


10140 

2 . 62429E -0 1 , 

-5.21203E-03, 

4.69818E 06, 

3 . 394 54 E 07, 


10150 

4 . 22956E-01 , 

3.36285E-02, 

0 . 

0. 


10160 

3. 1 7771 E -01 f 

-2.47608E-02, 

0 . 

0. 


T0T7C 

3 . 65Z24F r UT7" 

-Tf . 44 830 1 - 02 , 

- > . 60b JTJE“U3 , 

TTTJTOE^in , 


10180 

"2 . 67997E-01 , 

4.95I60E-03, 

0 . 

0. 


10190 

VHC 1,1,19)* 





10200 

1 . 30447E-03, 

-5. 01004E-06, 

-6.82076E 04, 

6.59596E 05, 


TU21 0 

i . 0822 1 t'Oii i 

1 .43s*b9t-U3j 

r'U752l!t U3, ' 

-5 .“28104b 08, 


10220 

-5 . 62334E-02, 

3.90226E-05, 

-1 .53015E 06, 

-4.P2624E 06, 


10230 

-1 . 37904E-0 1 , 

4.50067E-04, 

•2.92432E 05, 

4. 69011 E 06, 


10240 

-1 . 19359E-01 , 

1 00593E-03, 

7.39792E 05, 

2.94928E 06, 


10250 

-9. 35b06E-02, 

8,204 1 7E V 04 , 

'“ J ' 1 . 9841 3E Ob, 

-;T.7W6sfc Od, ~ 


10260 

-7 . 05886E-02, 

3. 26033E-04, 

4 , 62451 E 05, 

“2.66986E 06, 


10270 

2 . 50083E -01 , 

-9. 13756E04, 

2.78803E 06, 

-1 .01064E 07, 


10280 

-2. 14437E-01 , 

-3 . 63572E “03 , 

1 .6511 IE 06, 

1.40835E 07, 


TD290 

“ “8 d28uoE ‘027" 

- 1 . bz&eJL -03, 

2.9UU79E 08, 

6.434 13E 06, 


10300 

-2. 07587E-02, 

-1 . 09388E-02 , 

1.08755E 06, 

-7.59524E 07, 


10310 

-7.64575E-02, 

-2. 30819E-02, 

2.31076E 06, 

-4.36577E 07, 


10320 

1 . 691 66E -01 , 

-2 . 08757E -02, 

1 .81877E 06, 

1.66349E 07, 


i o33o 

“ - Tf . 53240b -027” 

-T797617E-037 

u. 

0- . 


10340 

-2 . 69858E-02, 

1 . 2401 7E-03, 

0. 

0. 


10350 

-1 . 93778E-02, 

1 . 2234 1 E -03, 

-2.63441E-03, 

6. 70793E-03, 


10360 

-7.02990E-01 , 

1 . 52014E-02, 

o. 

0. 


TO 3 70 
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10360 

-5.20245E-04, 

-6 . 72525E-05, 

2.61779E 03, 

2.65847E 06, 


10390 

1 . 36699E-02, 

3 . 80643E -03, 

-1 . 4922 1 E 05, 

-1 . 38496E 07, 


10400 

-3. 14436E-02, 

-1 .96902E-03, 

-9.66779E 05, 

-3.04386E 07, 


TU41U 

•1.1 £>604E -0 1 , 

" -6748811^-03, 

- Z . 6 1 35&E 04, 

- 0999sE o7 , 


10420 

- 1 . 33893E-01 , 

-8.971 25E-03, 

1 03137E 06, 

-1 . 861 23E 07, 


10430 

-1 . 59672E-01 , 

-1 . 61 984E-02 , 

3.07129E 05, 

2 . 06421 E 06, 


10440 

-2.26640E-01 , 

-1 , 53774E-02 , 

1 . 03781 E 06, 

2. 19074E 06, 


T 0450 

3. 75S78E-0TT 

— -B7 62385E-03, 

5. 66529e 06 , 

-9.76733ti 06, “ 


10460 

-3. 23069E-01 , 

-1 , 46480E- 02, 

4.53815E 06, 

4.40903E 07, 


10470 

-2. 93966E-02, 

-8 . 46665E-03 , 

6. 18665E 06, 

2.93204E 07, 


10480 

9.59077E-02, 

5 . 78200E ' 03 , 

-3.24374E 06, 

7.62109E 07, 


TOT9TT 

~ - 1 . 6201 2E-of, 

r.'5ff859E-02, 

-2.72977E 06, 

7 . 46Z67E^ d?. 


105O0 

-7. 19922E-02, 

2 . 08493E-02, 

4.92383E 05, 

9.28470E 06, 


10310 

1 . 36495E-02, 

- 7 . 86598E -05 , 

0. 

o. 


10520 

-4.29572E-03, 

2 . 3781 6E- 04 , 

0. 

0. 


1 0530 

-2. 81988E-63, 

27 ^6380E-O4 , “ 

1 . 32562e-o3, 

- 1 . 69406E-02, 


10540 

6. 26415E-01 , 

-1 . 29826E-02, 

0. 

0. 




original r;v 

of poor quality 


105^0 

10560 

10570 

10560 

VH (1,1,21 >■ 

1 . 281 32E-Q3, 
6. 1 91 46E -03, 
-2. 1 3565E- 01 f 

-2 . 73493E-05, 
3.67559E-03, 
1 . 56 1 0 IE-03, 

-1 . 02671 E 05, 
1 . 171 33E 05, 
-4.43713E 06, 

2. 0394 IE 06, 
-1.64916E 07, 
3.46182E 06, 

TU5W 

^rr759^9r=trr: 

o . z 7<a2^t-ua, 

z Ob, 

" ST. 207 7bE 0 7, ~ 

10600 

-2 . 26344E-01 , 

7.26402E-03, 

3 . 28477E 06, 

6.21778E 06, 

10610 

9.23863E-01 , 

-2.49498E-0 2, 

-2.45340E 06, 

7 . 56531 E 06, 

10620 

5.57048E-01 4 

-1 .71080E-02, 

“5.55078E 06, 

3.96762E 07, 

T063U" 

r tT 0y4U7E-'02 F j 

T 7T 

r 1 . reZ97E Ub, 

2 . 64^3 06 , 

10640 

*1 . 10912E-01, 

-3. 15951E-03, 

1 .07107E 06, 

7.70546E 06, 

10650 

-2.97T60E-02, 

-1 . 86691E-03, 

1 . 81 622E 06, 

3.48022E 06, 

10660 

2.59797E-02, 

-5.01944E-05, 

-3.58626E 05, 

4.64654E 06, 

1 Ub /O 

-3, 5CTI 2'TE^Uk:', 

' “ “V"35'957E-U4 ' 

“if . y /-J J istL HO , 

8 . 1888 It U 6 , 

10680 

3. 18629E-03, 

1 .26489E-03, 

2 . 72088E 05, 

4. 15155E 06, 

10690 

-2 . 8671 OE -02, 

-3.48276E-03, 

0 . 

0 . 

10700 

-3 . 47255E “02 , 

1 . 45735E -03 , 

o. 

0 . 

Tomr 

-2. 589BUE ~U7 ' t 


— “4. gU7’JBt r 03, 

- 1 . 2/T35E-U2, 

10720 

2. 93878E-02, 

-4.60035E-04, 

0 . 

0 . 

10730 

VH( 1 , 1,22)* 




10740 

-7. 83249E-04, 

- 7 . 30686E - 05 , 

1 80423E 04, 

4.09682E 06, 

TT775TT 

1 r/y580t'U2 ( — 

b . obkb i t-u3 , 

-if . bBO / t L Oo, 

u>, 

>0760 

9.53285E-02, 

-8 . 92285E -03 , 

1.46663E 06, 

“8.14487E 07, 

10770 

1 .43804E-02, 

-2. 33140E-02, 

1 . 31889E 05, 

-6.76934E 07, 

10780 

-1 .27199E-01 , 

-3 . 05050E-02, 

8.15292E 05, 

-4.49024E 07, 

TXJ7W 

mjo323t-ai": 

-b ? '47TJif 1 fc-U*. , 

- 2 . 87Vu4t Ob, 

2V16I //L U’7, 

10800 

6. 86949E-02, 

-6.6461 9E-02, 

-4, 8574 IE 06 

7.53374E 07, 

10810 

-1 . 17435E-01 , 

-1 . 03253E-O2, 

4.58573E 06, 

1.04452E 07, 

10620 

6.42924E-01 , 

-1 . 70083E-03, 

-5.72128E 06, 

6 . 21 961 E 07, 

TCT5TO" 

1.003bbt-ul, 

i . 20 t -U3 , 

-T.'0804 /E ' 07, 

‘ ‘1 ."U3/2yt U 8 , 

10840 

-1 .84055E-01 , 

7. 56587E-04, 

8.90689E 05, 

-1.?5026E 07, 

10650 

1 . 55 1 35E-01 , 

1 , 81 172E-03, 

1.83564E 06, 

-3.75558E 07, 

10860 

-1 . 92945E-02 , 

*4. 1 1625E-03, 

“1 . 57261 E 06, 

-2.74509E 07, 

1 08/0 

2 yb/5bt 1 U2 J 

2T55 IU7K 1 U3", — 

0 . 

y .... . .. - -■ 

10860 

7. 82389E-03, 

-3, 65777E - 04 , 

0 . 

o. 

10690 

5 . 60086E '03 , 

-3. 58744E-04, 

3.87239E-03, 

A . 95316E-03, 

10900 

-7.48831E-02, 

2. 90616E-04, 

0 . 

0 . 

TCJ9TCT 

"vm rri Tsrm 




10920 

-2.031 95E-01 , 

-4.20088E-02, 

-2.43757E 07, 

3 . 1 6734E 09, 

10930 

-2. 84942E-02, 

-1 .06546E-02, 

1 . 46759E 05, 

7.13333E 07, 

10940 

2. 82173E-03, 

4 . 3091 2E-04 , 

-5. 1 9301 E 04, 

-6.74423E 05, 

TD95U 

1 '. 1 275 BE- 02 ^ — 

3. 2b97/L-"OT, 

^9 ,22 f l TE“ 04 , 

-5. 385r>2t T)5, 

10960 

-3 . 01 905E-03, 

2.73104E-04, 

-7.26085E 04, 

-3 , 44882E 05, 

10970 

1 . 30504E-02, 

-2. 74826E-04, 

-5.02931E 04, 

1 . 35508E 05, 

10980 

7 . 05503E-03 , 

“1 , 27336E-04, 

-1 . 1 1455E 05, 

7.49561E 05, 

1 0990 

-3 . 6066 \ t-03 , 

3 . 2/22ut-~04 , 

3 ;o7rror"w; 

-2.2 3 /03 1 “047 

11000 

9. 70209E-04, 

2.46001E-04, 

1 45196E 04, 

-1 . 13985E 06, 

11010 

1 . 48073E-03 , 

1 . 27125E-04, 

-4.43845E 03, 

-1 . 47507E 06, 

1 1020 

- 3 , 781 57E-04 , 

-1 . 88804E-05, 

-1 37673E 03, 

1.42879E 04, 

V TO 3 b 

“ ™ 2 . 9bV27E-04 “ 

4 . 1 3^ 1 7 h - ot , 

~ 3; 370o?E 03, 

373DTBSE o4, — “~ 

11040 

-1 . 24997E-04 , 

5 . 9624 IE-06, 

-5.38022E 03, 

1 . 98087E 04. 

11050 

1 . 26022E-02, 

1 . 28864E-03, 

0 . 

0 . 

11060 

-9.89320E-04, 

-2. 09616E-05, 

0 . 

0 . 

1 TO 70 

- 1 . \535eE-03, 

- 2 . SlGTSfe-Ob, 

279494^-047 

- 1 . 11 76 bt-bz, 

11080 

1 . 3089 1 F-04 , 

4.24523E-06, 

0 . 

o. 

11090 

VH( 1 , 1 , 24 ) * 




11100 

-2. 7 1 932E-03, 

-5.45656E-04, 

-4.41595E 05, 

4.70686E 07, 

111 To 

r.i3667E-or; — 

™ 4 .1 767dE-02, 

-3 95442E 05, 

^TrT27T3C dfl, »— 

11120 

-1 . 30247E-01 , 

-8. 65938E-03, 

3.05919E 05, 

-I . 03074E 07, 

11130 

-7 . 02783E -02 , 

-1 , 03461 E“ 02 , 

3.05940E OC, 

-1 . 07633E 07, 

1 1 140 

5.26723E-02, 

“1 . 21 876E - 02 , 

3.24148E 06, 

-1 . 71621 E 07, 

TTT5TJ" 

-4 . 24ZS9E-dT, 

- 7 . 1 4t>0OE -03 , 

1 77TJ51T 06 , 

- 1 . 7&Z4^E 03, — 

11160 

-3. 1 0668E-01 , 

-9.53845E-03. 

4.21807E 06, 

-1 . 5 1 003E 07, 


n 


211 



OftOMAi. Pf/J;£ f3 

OF POOR QUALITY 


11170 

1 .56761E-01 , 

-2. 20481E-02, 

-1 . 05486E 06, 

2.56887E 06, 

11180 

3 . 67466E-02, 

-1 . 62995E-02, 

-1.489876 06, 

8.09276E 07, 

11190 

-6. 1 3423E -02 , 

-8. 19132E-03, 

-1 . 27321 E 06, 

1 . 10273E 08, 

11200 

-2 . 27203E-02, 

6.02 946E-04, 

-6 . 26933E 04, 

- 1 . 69459E 06, 

TT2T0“ 

1 . 

“ 3/9'j83bE -04” 

J.u04126 U5^ 

1 5. I9325T 06, 

11220 

-0 . 56527E-05, 

-5.42994E-04, 

-1 . 66853E 05, 

*5 . 62394E 06. 

1 1230 

-8.4141 2E-01 , 

-1 . 09983E - 01 , 

o. 

o. 

11240 

1 . 421 76E-01 , 

-7.49397E-05, 

0. 

0. 

"T 1 26u 

1 . -a56 jyfc. -0 i , 

' 850 1J6 - u4. 

- r. 744476-01 , ” 

1 . /5u/3E-0T, 

11260 

*8 . 78646E-03, 

-2.67248E-04, 

o. 

0. 

11270 

VHC 1 , 1,25)* 




1 1280 

-6 . 30607E-04 , 

-2. 82097E-04, 

-4.29355E 05, 

2 . 73009E 07, 

? r2yu 

— o . oy^u2t-uk: ( 

z . trj /yyE-OST, 

“2 . 655 1 36 05 , 

— -2 ."2 3792 E 08, 

1 1300 

-2 . 40435E-01 , 

-1 . 55 1 78E-02, 

-3. 17609E 06, 

-6.86614E 07, 

11310 

-3. 544536-01 , 

-2.41944E-02, 

5.27672E 06, 

-4.04041E 07, 

1 1320 

-8. 14389E-02, 

-2. 99816E-02, 

9 . 04563E 06, 

-5. 15333E 07, 

TT33TT 

-9. 98721 t-UJ 7 

-3 . i ubbbtr-02, 

4\T 066Tb ub, 

4 . 035 i /c. 06, 

11340 

-8.042926-01 , 

-3.47872E-02, 

1.05357E 07, 

-2.58072E 07, 

1 1350 

4.93977E-01 , 

-6. 58036E-02, 

-2.90433E 06, 

6.1 7331 E 06, 

11360 

1 .025946-01 , 

-5. 10866E-02, 

-4 . 45479E 06, 

2.49027E 08, 

? 1 J/U 

“ - i , 9024 it-ui, 

-if .5800 )"E -05T, 

- 3 . t>44 /2fc lit> , 

“ 37425'JUE 08 , "~ 

11380 

-1 ,211 60E-01 , 

8 . 62564E-05, 

-6.90206E 05, 

-6.639736 06, 

1 1390 

7 , 092 1 4E-02, 

1 . 68982E -03, 

1.65992E 06, 

-1 . 67542E 07, 

1 1400 

-1 34336E-02, 

-1 23326E-03, 

-1 . 33016E 06, 

-1 . 79269E 07, 

1 lflIU 

r.40OTBE' r TJ'l" 

1 . U/b^96"-Ur, 


0. 

1 1420 

-1 . 56535E-01 , 

6 . 7751 IE-04, 

o. 

0. 

1 1430 

-1 . 56584E-01 , 

3. 87727E-04, 

2 . 060206-01 , 

-7.94656E-01, 

1 1440 

-1 . 591 43E-02, 

-3. 1 1514E-04, 

o. 

0. 

TTTOOr 

VHT 1 , 1 , 2b ) s — *™ 




1 1460 

-1 . 26856E-04 , 

-3. 1 1 535E-05, 

-3.87483E 04, 

2.99489E 06, 

1 1470 

8 . 88556E-03, 

3.051 26E-03, 

3 . 93721 E 03, 

-2 . 45551 E 07, 

1 1460 

6 . 9351 2E-03 , 

-1 .56331E-03, 

2.52463E 05, 

-5.89063E 06, 

1 T 490 

2. 098146-1)3, 

-2/54290E-U3, 

ff7*99BZE "W; — 

-J.»i Z573E Ut>, - ” 

: i isoo 

-7 . 8771 4E-03, 

-2 . 85577E-03 , 

1 . 48970E 05, 

-1.03904E 06, 

11510 

-1 .83787E-03, 

-4. 71050E-03, 

-1 .84712E 04, 

1 .43634E 06, 

11520 

-2. 85617E-02, 

-3 . 84131 E -03 , 

1 .061586 05, 

3.46023E 06, 

1 1 DjU 

" 1 - 1 . y t 5 1 Ot - 03 , ” 

-z, 24 37 5fc-03, 

D . oybzot w , 

o . jo i o56 U5 , ” 

11540 

8 . 48804E-02, 

-9 . 59047E-05 , 

-2.23566E 06, 

5.06000E 06, 

1 1550 

-6.31 052E-02, 

-3 . 445 1 8E-04 , 

-2.53302E 06, 

1.76773E 07, 

1 1560 

8 . 03846E-01 , 

2.63822E-02, 

6.026996 06, 

2.91500E 07, 

TT57U 

— -5. OT779E r TTT , 

-6 . UZa^Zfc-03, 

— =Hf . 74531 E~7J7 ~, — 

- 1 . U33 1 /k U7~, 

11580 

1.95141E-01, 

-4 . 78980E-03, 

1 . 2551 OE 07, 

9.61752E 06, 

11590 

2 . 92689E-02, 

4.61 654E-03 , 

0. 

o. 

11600 

-6. 10017E-03, 

1 . 34584E-05, 

0. 

0. 

TT6TTT 

-6, i , 

in i -uo , 

-i . 40 /Iset - U3, 

6. 100^36-03, 

11620 

-1 . 33840E-01 , 

-9. 78779E-03, 

0. 

0, 

11630 

VH( 1,1,27)* 




11640 

-4.46971E-03, 

-1 . 09238E -03 , 

-1 . 70359E 06, 

1 , 142836 06, 

1 1650 

“ 3. 725086-01 , ■ 

1 . ZZ^3Ct-Ul , 

” 7. 953Zbfc 05, 

“ -1 . CJ4bb36 XJs, 

11660 

1 . 35624E-01 , 

-2. 12933E-02, 

1 . 04776E 07, 

1 .787596 08, 

11670 

5 . 6389 IE-01, 

4. 98442E-03, 

3 . 0769 1 E 05, 

1 . 32479E 08, 

11680 

3. 93030E-01 , 

2. 193956-02, 

-8.32326E 06, 

1.38993E 08, 

1 \ 690 

9TT4673E’ r 0T“ — 

7'. U2359E-02, 

-3.'/W64E ad, 

^T, 723696 TV/, """ 

1 1700 

9. 50851E-01 , 

6.514286-02, 

-1 . 10422E 07, 

-7.36723E 06, 

11710 

-5 . 91 074E-01 , 

9. 13877E-02, 

2.399936 06, 

-7.671296 08, 

11720 

-2.29285E-01, 

7.49332E-02, 

7.24304E 06, 

-3.61007E 08, 

TT7W 

~ 2. 73607E-0T; 

3. 82 7546-02 ; 

~ 6 . 7BCTBE" oe 7 

-5. ll0Ol£ 08, ~ 

11740 

-3.36146E-02, 

-7. 351 09E-03, 

-7 . 78364E 05, 

-5.466286 05, 

11750 

3 74487E-02, 

-1 .312616-03, 

6.79812E 05, 

2.804116 07, 

1 1760 

-3. 22644E-02, 

3.023096-03, 

-1 . 47736E 06, 

2.615466 07, 

1 1770' 

6 . 33S73E-01 , 

l.i e^24fe-oi , 

o. 

o. . 

11780 

-1 63833E-01 , 

7.46395E-04. 

0. 

0. 



ORL^r . I-,.,:.. 

OF POGA QUALITY 


11790 

-1 . 63998E-01 , 

4.20347E-04, 

8 . 921 58E-02, -3. 16519E-01, 

11600 

5. 79801E-02, 

3. 83027E-03, 

0. ,0. 

11610 

SEND 





11620 

SLIST2 





TT83CT 

TTTCgg 

f EEF^TCETr 

MAI l U 

"STRUCTURE” 

SUBSYSTEM HORIZONTAL ) 

11640 

I SUB* 6 

j 




11650 

XREF* 

0. 




11660 

YREF* 

0. 




1 1 670 

2 REF* 

0. 




11630 

RTS* 





11690 

21 , 

-166.901, 

0. 

, o. 

» 

1 1900 

22, 

-177.455, 

0. 

i o. 

i 

Trsrrtr 

ieJ, 

-2U/ . b’ju; — 

“ a ~o: "" 

, U " 

4 

11920 

24, 

-217.005, 

0. 

, 0. 

j 

11930 

25, 

-223.015, 

0. 

1 o. 

j 

1 1940 

26, 

-226. 105, 

0. 

, 0. 

1 



-234T55U, 

u. 

■ UT' 

J 

11960 

26, 

-237.915, 

0. 

, 0. 

1 

1 1970 

29 j 

-250.915, 

0. 

, o. 

i 

11960 

30, 

-255.555, 

0 

, o. 

1 

ill ££121 

j i j 


u. 


4 

12000 

32, 

-270.225, 

0. 

. 0. 

i 

12010 

33, 

-278.575, 

0. 

, o. 

4 

12020 

34, 

-172.156, 

0. 

, o. 

4 

TZUUU" 

33 , 

- I'94 .7/8, 

o . 

, u. 

4 

12040 

36, 

-201 . 040, 

0. 

, o. 

4 

12050 

37, 

-269.475, 

0. 

, o. 

J 

12060 

XMODES* 





12U7CI 

/1 6 

■■ M 15 1 aa • f* ■ 

, IS. . 

1 , 

12060 

1340 

.9, 2.88367E 04 

15., 

1. 

12090 

4351 

.0, 1 .52623E 05 

, 15., 

0. 

12100 

6541 

.4, 4 . 25520E 05 

15. , 

0, 


12HTT 

12120 

12130 

12140 

1 14 76: r~ 

13130.8, 

17010.9, 
16937.3, 

1 ~59U57E~CHV; 

3 . 3456 1 E 06, 
4.35692E 06, 

1 . 36996E 06, 

'■■T5- 
15., 
13. , 
15., 

cr; 

o, 

o, 

o, 




TZT5U 



T5'.V 

■■ Cf, 




12160 

24716.5, 

2.40308E 06, 

15., 

o, 




12170 

27767.5, 

1 . 991 55E 06, 

15. , 

0, 




12160 

26969.2, 

2.40350E 06, 

15., 

0, 





2TTO52 . o t 

ML;MiCl:lftI^*f IfiM*! 

TT, 

0, 




12200 

38147.3, 

3 . 02281 E 07, 

15., 

0, 




12210 

39415.9, 

3. 1 064 1 E 07, 

15. , 

0, 




12220 

43312.3, 

1 . 44536E 07, 

15. , 

0, 





46 7 6o . d , 

■<Mftl^iaft[(IJftft 

T6. , 

04 




12240 

50137.3, 

3.79795E 07, 

15., 

0, 




12250 

53499.2, 

7 . 37532E 06, 

15. , 

0, 




12260 

54900.6, 

1 . 3021 4E 07, 

15. , 

0, 




12270 



15. , 

O, 




12260 

65253.4, 

2.09262E 07, 

15., 

0, 




12290 

71143.9, 

1 .71715E 08, 

15., 

0, 




12300 

74501.5, 

3.53742E 07, 

15. , 

0, 







t5. , 

“b, 




12320 

76633.7, 

2. 15732E 07, 

15., 

0, 




12330 

78499. 1 , 

2. 16467E 08, 

15. , 

0, 




1 2340 VH (1,1,1)* 







1 i&fcXSH 

— ii i r t i in li^Triwm^rni 



tm-m.i'Lrf-i* 

at, 

12360 

6.201 32E-01 , -8 . 87836E-03, 

-1 . 77521 E 

03, 

9 . 39965E 

03, 

12370 

5. 52484E-01 , -8. 60260E-03, 

1 . 33922E 

04, 

6. 10279E 

05, 

12360 

4 . 71 475E-01 , -6. 70364E-03, 

1 . 23607E 

04, 

4 . 90747E 

05, 


T? 

? 

1 

l 

i 

1 . 1 7484E” 


3. V9312E' 


12400 

3 . 76536E-01 , -8. 56820E-03, 

-1 44231E 

02, 

4 . 05946E 

02, 


213 


r 


( 









OfUttKAL 

OF POOR QUALITY 


12410 

3. 21301E-01 , 

- 8 . 56775E-03 , 

-3.59912E 02, 

2.35667E 03, 

1 2420 

2 . 92863E-01 , 

-8 . 5482QE-03, 

3.57646E 02, 

1 . 77274E 03, 

12430 

1 , , 

-6.48663E-03, 

8.69749E 03, 

1 .41763E 05, 

12440 

1 .45026E-01 , 

-8.471 5ft£*03, 

8 . 46689E 03, 

1 .0346 IE 05, 

\ 2fluU 

8 . yy'227t * 02 , — 

- . <iuvuob*0^ , 

” 7 . BWBbE '03 , 

!7 31uoot ub, r “ 

12460 

2. 52872E-02, 

-8. 34549E-03, 

7 . 48574E 03, 

7.47013E 04, 

12470 

-4 . 27756E -02 , 

- 8 . 32638E - 03 , 

7.49549E 03, 

1 . 77254E 04, 

12460 

8. 67363E-01 , 

-8. 89045E-03, 

o. 

0. 

“T22rgrr 

“ 6.65 i 1 “ 

-y7 i i o i 6E -03," 

u. 

or ~ ~ 

12500 

6. 10404E-01 , 

-8 . 88934E - 03 , 

-2 36582E-04, 

9.87605E-04, 

12510 

3. 05529E-02, 

*6.341 56E ~C3 , 

C. 

0. 

12520 

VHn,1,2)* 




i Z53U 

T . 5'2489E -"0 T“ 

-87y;j4'j2E-U3, “ 

"^4/V3l2tft U3, 

“* 2. 1 0599b 05, 

12540 

5. 12780E-02, 

-8.52635E-03, 

-5.26566E 02, 

1 . 65894E 04, 

12550 

-2.06096E-01 , 

-8. 36568E-03, 

1 . 42434E 03, 

1 .301 19E 06, 

12560 

-2. 63383E-01 , 

-8. 12734E-03, 

3. 17095E 03, 

1.28433E 06, 

"rzs /O 

~ -if . ill S3Vt-bi T 

- / . ybbtJ8E "U3, 

TTbaziyt U3 , 

1". 2b4 /Of'TJb, 

12560 

-3. 72595E-01 . 

-7.673I5E-03, 

4.70933E 02, 

9.68582E 01, 

12590 

-4.22001E-01 , 

-7.67375E-03, 

1 . 33967E 03, 

-4.20868E 03, 

12600 

-4.47680E-01 , 

- 7 . 62796E - 03 , 

-2.82083E 03, 

-2.57957E 04, 

T26TTT 

-5 . 402^36 ~b i , 

-77 2 H 5 9 - u’J , " 

u4. 

9C05B07E Or; 

12620 

-5.71 926E-01 

-7.1 8987E-03, 

2 . 4871 OE 04, 

8.6J965E 05, 

12630 

-6. 10956E-01 , 

-6.80933E-03, 

3. 96911 E 04, 

9.06997E 05, 

12640 

-6.51 173E-U1 , 

-6.39503E-03, 

4.53105E 04, 

5 7591 IE 05, 

12b5U 

-T> . 9 ;jt>56L - u 1 , 

-67 ifo«67E -03T, ■” 

- srzszrarr oa] 

1 . 765U9E 05 , 

12660 

9. 67029E-02, 

-8 . 54877E-03, 

0. 

0. 

12670 

-9.64454E-02, 

- 8 . 58004E -03, 

0. 

0. 

12660 

-1 . 50417E-01 , 

- 8 . 57278E- 03 , 

4.60775E-05, 

-9. 83258E-05, 

T769TT 

-6:43/i5t-or; — 

-b. 303962-03, 

u . , 

u -- ■ 

12700 

VH( 1 , 1,3?* 




12710 

2. 14661E-01 4 

-1 . 08090E-02, 

-6.37535E 04, 

2.82208E 06, 

12720 

3.82022E-03, 

- 5 . 49 1 8 IE-03, 

-1 . 31343E 03, 

1.20760E 05, 

l 2/30 

* 1 . 56499E-QT; 

-377V3396-U3, " 

9. /5354fcT 04, 

“ T72T57OTE“ 07^ — — 

12740 

-1 , 72625E-01 ( 

-1 . 12891E-03, 

1 . 1 0036E 05, 

1 . 36200E 07, 

12750 

-1 , 67939E-01 i 

5.5641 IE-04, 

1 . 18697E 05, 

1 . 2S347E 07, 

12760 

-1 . 65430E -0 1 , 

3.41 572E- 03 , 

2.32020E 03, 

-6.20695E 03, 

T277TT 

" -1 . 43Zt0k-01 , 

~ 3. 4U0 /U't -03, “ 

6, 824t>6E7iJ37 

-3' /Tuw/t w; * 

12780 

-1 . 26726E-01 , 

4.04730E-03, 

-5.55080E 03, 

-2.56072E 04, 

12790 

-1 . 63097E-02 , 

6. 95566E-03, 

1 .61386E 05, 

8.80139E 06, 

12800 

2.931 75E-02 , 

7. 79503E-03, 

1 .61 163E 05, 

6.00977E 06, 

T2BTTT 

1 . 26^026-0 i , 

" 97775B7E r raT 

" l .4ziVjt U5, 

" 3 . 92383b 05, —— — 

12620 

2.531 87E-01 , 

1 . 13707E-02, 

1 . 25099E 05, 

2.69176E 06, 

12830 

3 , 74453E-01 , 

1 . 16813E-02, 

8.98956E 04, 

1.52984E 06, 

12840 

3 . 45367E-02 , 

-5.64247E-03, 

o. 

o. 

TZ85TT 

= TTTTOT r Ur; 

-5. b2646e-09. 

o. 

0 . , 

12860 

-1 . 29683E-01 , 

-5. 82487E-03, 

-4.32787E-05, 

3.09201E-03, 

12870 

3.20576E-01 , 

1 , 21081E-02, 

o. 

0. 

12860 

VHC 1 , 1 ,4)* 




1ze9o 

“ 3. 9g3>oGT-o2, 

-5. 5651 GE-03, " 

"romrwr 

5 . 291 B9E - DC, 

12900 

-1 . 56508E-01 , 

4. 04085E-03, 

5. 10066E 04, 

-4.55650E 05. 

12910 

2 . 58307E-02 , 

4.92407E-03, 

8.21173E 05, 

8 . 52753E 06, 

12920 

1 . 43751 E-01 , 

5 . 64988E - 03 , 

7 . 96403E 05, 

6.06420E 05, 

1 2930 

2:22T2»2E"-Tn~ 

5. 434082-03, 

- 7760663E o6, 

-3. »70S>3£ 06, 

<2940 

3 . 02650E-01 , 

3 c 07863E - 03 , 

-1 . 57486E 04, 

8.69369E 03, 

12950 

3.21 165E-01 , 

3.10608E "*3, 

-4.33492E 04, 

1 .69797E 05, 

12960 

3 . 59706E-01 , 

3, 06734E-03, 

8.92473E 04, 

7.81863E 05, 

T2975" 

~ " 3. 93302E-OY, 

-2. 23407E-03, 

272TT355E OS, 

-1 . 99562E 07, 

12960 

3. 79656E-01 , 

-3 . 991 02E-03, 

1 44630E 05, 

-2.07283E 07, 

12990 

2. 74263E-01 , 

-6. 76029E-03, 

-2.06952E 05, 

-1 . 27508E 07, 

13000 

6 . 28274E -02 , 

-1.341 15E-02, 

-2.77655E 05, 

-1 .00513E 07, 

1 30 1 0 

- 1 . 05959E-6V, 

n . 517B2E 02, 

-2.786S7P 55, ■ 

-6,34Z>8E 06, 

13020 

-1 . 88534E-01 , 

4 . 67999E-03, 

0. 

0. 



oRi&KrU. r.j> 

OF POOR QUALITY 


13030 

13040 

13030 

13060 

"7 . 7t397E-02, 
-4 . 601 08E*02 , 
1 .06133^-01 , 
VH (1,1,5)* 

5.051 25E-03, 
5 . 04989E-03, 
-1 . 60689E-02, 

0. 

5.87178E-03, 

o. 

o. , 

.28772E-02, 

0. 

T3U71T 

"1.1 1 , 

- 1 .”23479t -u3 , 

T777TOE uo, 

" mT2T4E Ob, 

13060 

2.60170E-02, 

*6 . 14919E-0 4, 

- 1 52532E 04 . 

1.23352^ 05, 

13030 

5.59418E-02, 

-1 . 5O307E - 03 , 

8 .. 53657E 05, 

-7.34753E 06. 

13100 

1 . 04358E-01 , 

-3.71 372E *03, 

8. 1 0721 E 05, 

-1 . 50750E 07, 

T3TTTT" 

“T73T 34 5E>T)T, 

“0 . 

/ . /u9 i3t u5 , 

— -V.9/UU4E U77 

13120 

1 . 53795E-01 , 

-i .2 ioo8e*q2, 

-1 . 60941 E 04, 

1 . 00789E 05, 

13130 

7.46016E-02, 

-1 .20173E-02, 

-3.36289c 04, 

3.96296E 05, 

13140 

5. 12730E-02, 

“1 . 42472E “ 02, 

*2 . 66965E 04, 

-7.21942E 05, 

\ 3 \ 30 


*z . i ez0<3t -u2 / 

? . z i 754t u5, 

* 3 . 44B3« , 

13160 

-1 , 75904E-01 , 

-2 . 4691 IE-02, 

7 . 69874E 05, 

*3 . 6965; 

13170 

-1 . 52090E-01 t 

-1 . 93737E-02 , 

1 .25217E 06, 

2.3783 

13180 

9. 73635E-02, 

-7 , 8059 IE-03, 

1 . 28533E 06, 

1 . 50803 

13 1 90" 

3 ."0 1 9b l JE - U i , 

-4 T b 1'T3E"-"0y , 

n 1 UO, 

5 . 0y881 < 

13200 

3.21331 E-02, 

-8.22582E-0 4, 

0. 

0. 

13210 

1 , 1 971 4E -02 , 

*9. 56824E-04, 

0. 

0- 

13220 

5 . 97940E-03 , 

-9.56666E-04, 

-9. 34320E-04, 

-8. 55197E-03, 

1 3Z3U 

~ 9. 9539 *01, 

- \s . Ovj , 

“IT " 

u. 

13240 

VH( 1 , 1,6)= 




13250 

5.94602E-01 , 

1 . 33626E-03, 

-1 . 29366E 06, 

3.64536E 06, 

13260 

-7 . 48054E “0 1 , 

1 . 75 1 84E - 02, 

5.79284E 05, 

-4.81769E 06, 

1*3770 

- 1 . Ou rjut -U 1 7 

~ TT29i bF> 8E -”U77" “ 

=5~"T25'U6E , *U5, — 

*Z . u / , 

13260 

-4, 124Q8E-Q2, 

8.3G956E-03, 

*4 . 68400E 05, 

-2.33804E 07, 

13290 

-2 . 56256E-02, 

5 . 56690E-03, 

-4 . 541 84E 05, 

-2.08652E 07, 

13300 

-1 . 30914E-O2, 

1.41 149E-03, 

1.95394E 03, 

-1 . 47522E 04, 

1 331 u 

““ -4 ; b5V9ut *0;s 

““ T 73 9 984 IT- 037^ * 

3”7H837E "US; — 

*0.4<lb^/t U-Q , 

13320 

-1 . 63865E-02, 

4 . 1 3676E-04 , 

-7.41460E 03, 

-4 , $4602E 04 

13330 

-1 . 1 2833E-01 , 

-3, 17239E-03, 

*3 . 22862E 05, 

-6.06319E OC, 

13340 

*1 . 504 1 4E *01 , 

-4 . 04429E-03, 

-2.61739E 05, 

-7.31007E 06, 


-T."57098E V OT; — 

- , 70769lT r U37 

T77TTOBE 05 , 

d. ut>, “ 

13360 

-7.93752E-02, 

8 . 02 1 84 E* 04 , 

2.80749E 05, 

7.03649E 06, 

13370 

4 . 02365E “03 , 

2. 1 7926E *03 , 

3 . 27361 E 05, 

4.05669E 06, 

13360 

-9 . 63229E “0 1 , 

2. 62653E-02, 

o. 

o. 


r 3T06355E r:r m , 

3 . 2buzz£ “ UZ , 

0. 

V- * 

13400 

-1.041 IE* 01 ( 

3. 25966E-02, 

4.74352E-C2, 

-1 . 65259E-01 , 

13410 

2.041 03E-01 , 

2. 76574E-03, 

0. 

0. 

13420 

VH ( 1 , 1,7)= 




TOTT 

- 1 . 1 7bdob “U 1 , 

- 4 . 94 /25E - 03 , ' 

'* 3T454T8L U51 

IT59U77E tr r t 

134*,0 

-1 . 75274E-01 ( 

2, 00732E-02, 

2 . 8261 1 E 05, 

*7 . 30264E 06, 

13450 

4 . 47 1 43E-01 , 

1 . 36572E-02, 

-6. 169C0E 05, 

-4. 171 16E 07, 

13460 

4.73693E-01 , 

6 . 6G598E *03 , 

-1 . 15723E 06, 

-3.44I55E 07, 

T3T7TT 

“■ 4V25r29E“0i'; 

z,7/842E-03r; 

-I 750874 £ 06 , 

^2 67 i73E 0/, 

13480 

3 , 7 ■ 24 3E -01 , 

-1.1 1756E-03, 

*7 , 79588E 04, 

1 . 15425E 05, 

13490 

3. 56779E-01 , 

-9. 303OOE-O4, 

-2.05176E 05, 

1.01447E 06, 

13500 

2.94979E-01, 

2 . 44570E '03 , 

3.23967E 05, 

3.02975E 06, 

T35TET 

-Z':T42'63E“T5T, 

1 . 65704E-O1, 

-2 775b»2E Oe, 

T772 777E“ “07“ 

13520 

-3 . 33708E-01 , 

4.29926E-03, 

-2.54445E 06, 

4.93225E 07, 

13530 

-4. 08840E-01 , 

6.86959E-03, 

-1 . 051 77E 

2.49889E 07, 

13540 

*3. 55561E-01 , 

1 , 40864E - 0? , 

-4 . 77767E 05, 

2.79473E 07, 

T355TT 

*2 . 08976F-0T, 

" rT7S520fe-d2, 

4 . 657<J0e 04 , 

2.3375^E b7, 

13560 

-6 . 23521 E“01 , 

4. 18.3 31 E-02, 

o. 

c 

13570 

3.60799E-01 , 

7 . 08250E-02, 

0. 

C 

13580 

8.26058E-01 , 

7 . 09077E-02, 

-2. 1 3531 E-02, 

6.59976E-02, 

1 3590" 

T 34 059E-t>r, 

2 r .T8T71E-02, 

0, 

“If. 

13600 

VH( 1 , 1,6)* 




13610 

-2. 1 8343E-03, 

-1 .43600E-04, 

6.74745E 03, 

6.01645E 05, 

13620 

-1 . 37 1 98E -02, 

8. 64072E-04, 

2.51777E 04, 

-4, 14660E 05, 

l3 £ 3 0~ 

r”3ST7cnj27~ 

r T . 3YC87E-05 , 

7 753753c~00, 

“ -"6."52613E 06, 

13640 

1 . 33027E-02, 

-1 . 21242E-03, 

-1 . 7001 5E 04, 

-6.42049E 06, 


T7 
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13650 

2 , 63972E-03, 

-2.01271 E-03, 

-250069E 04. 

-6.16636E 06, 

13660 

-5 . 96328E-03 , 

-3 . 46993E-03, 

4.02223E 02, 

6.22465E 04, 

13670 

-2. 80471E-02, 

- 3 . 43296E -03, 

8.20692E 03, 

1.4820:* 05, 

13660 

-5 . 3851 2E-02, 

-5.21847E-03, 

-1 . 33051 E 05, 

-1 . 73598E 06, 

13£yu 

-o . 

-4 . b 1 E "Tf t-uy , 

3. yobi i c u6. 

-4,65o/ut u6, 

13700 

-5 . 95034E-02, 

-4.91 252E-03 , 

3.95733E 05, 

-5.82054E 06, 

13710 

6. 38105E-02, 

1 . 6331 8E-03, 

7.06641F 05, 

2.46580E 07, 

13720 

3. 25264E-01 , 

1 . 07170E-02, 

3.84650E 05, 

1 . 82400E 07, 

13730 

4 . 'J4T I i t-u i ; — 

i . ! b^t, -Oz , 

— -4/682931 05, — 

— r.Twybtit u/, 

13740 

-5 . 60644E-02, 

2 . 97062E-03, 

0 

0. 

13750 

1 .80942E-02, 

5.62219E-03, 

o. 

0. 

13760 

5.47088E-02, 

5. 82909E-03, 

-7 . 48084E -03 , 

-4 . 80868E-03, 

1 37 7U 

-9 . 8Gb$7k -u i , 

» . 4o 

U. 

U. 

13760 

VH( 1 , » t 9) 8 




13790 

-2.22800E-02, 

-2. 80029E-04, 

1 . 23472E 05, 

9.26716E 05, 

1 3Q0C 

1 . 36666E-01 , 

4.91465E-05, 

-2.80902E ^5, 

6 51707E 05, 

136 i u 

“ -2 . 33'8U8E'02; 

-2. T51 f'6t'-U3, 

-17398 lot Ub, 

-2.'T40UBt 07, 

13620 

-1 . 66433E-01 , 

-4 . 65829E -03 , 

-1 . 2281 5E 06, 

-8.41626E 06, 

13630 

-2. 59999E-01 , 

-5. 23750f ’03, 

-9.69581E 05, 

-1 . 24441 E 06, 

13640 

-3.7197 IE-01 , 

-3.289002-03, 

1 . 2021 8E 05, 

-7.79490E 04, 

1 36ou 

-3 . e i out>t *ui , 

-3. bC4’7yt“t33, 

3 . 2t>boot ub , 

- i . 3 i t>o 1 1 ub, 

13660 

-4.91018E-01 j 

-1 -48328E-02, 

1 . 1 1305E 06, 

-1.24253E 07, 

13670 

-1 . 5961 IE-02, 

2 . 62540E *04 , 

2.32962E 06, 

-7.94586E 06, 

13660 

1 . 1 337 1 E -01 , 

1 . 76439E-04, 

2.27644E 06, 

-1 .87155E 07, 

TJ89CT 

2.342 64L-UJ, 

- 3 . Y13SdE - 03 , 

1 .U9T/5E '06, 

-3 . 2uo4yt u / , 

13900 

2 . 00359E-01 , 

-1 . 04373E-02, 

5.69153E 05, 

-3.58363E 07, 

13910 

9.51 926E-02, 

-1 . 52564E- 02 , 

1 . 40926E 05, 

-3.09884E 07, 

13920 

-3. 23768E-01 , 

1 .94220E-02, 

C. 

0. 

T 39a u 

1 ."E7’977t - U 1 , 

57 05^41-02, 

U. " 

U , , 

13940 

4 . 86090E-01 , 

5.06008E-02, 

2.40803E-02, 

1 . J&5257E-01 , 

13950 

3 . 98582E-01 , 

-2 . 06693E- 02 , 

0. 

0. 

13960 

VHt 1 , 1 , 1 0) * 




T357TT 

- / f -U3, 

-7.21 0941 -"04 , 

3H 5E60E UV~, 

5. bluo/t us, 

13980 

3.05937E-01 , 

1 . 1 2700E-02, 

2,41 04 9E 06, 

-1 , 37680E 07, 

13990 

1 . 34653E-01 , 

4. 06295E-03, 

-4.30635E 05, 

-2.52254E 07, 

14000 

1 . 07002E-01 , 

-9 . 48765E-03 , 

-7.38934E 05. 

-2.01240E 07, 

"T 4U 1 U 

5. rausf/E-osr, — 

' 2733 U69E“U3^ 

1_ 8 .‘731 /bk.” Ub, 

-vrsuyuzi 07, 

14020 

-9. 33984E-03, 

-4 . 35337E -03 , 

1 68177E 03 

1.32083E 05, 

14030 

-3 . 67229E-C. 

-4. 27618E-03, 

1 .98154E 04, 

3.05906E 05, 

14040 

-1 . 77695c! -0 1 f 

-1 , 40804E - 02 , 

-8.66131E 05, 

-1 . 16053E 07, 

T4TJ5U' 

-4 . zzo /3t-U z, 

-fe, 2T t>64t -04 , 

5“047H7E™05: 

"" y .uy/syb ub, 

14060 

-8.83102E-03, 

1 . 55396E-04 , 

5.50465E 05, 

6.69647E 06, 

14070 

4.29077E-02, 

2.281 89E-04 , 

3.63277E 05, 

-9.73023E 06, 

14080 

4 . 92966E -02 , 

-1 . 9 1 84PE - 03 , 

2. 12569E 05, 

-1 . 15f 50E 07, 

1 41) 9 U 

□. 120U/E-02, 

- 3,4/ /4L»h - 03 7 " 

6 . /290be U4 , 

- 1 rr c 1 7z U7~. — " 

14100 

3 . 01 536E-01 , 

-8 . O2604E- 03 , 

0. 

o. 

14110 

4.40585E-02, 

-3.55904E-02, 

0. 

o. 

14120 

-1 . 79991E-01 , 

-3. 5G322E-02, 

4.43653E-02, 

-1 . 56004E-02, 

1 4 \ 30 

~ ) , od3nt-oV , 

-5. 4379/t -05, 

O. i 

. y. # - - 

14140 

VHC 1,1,11)= 




14)50 

5 . 77356E-03, 

-1 . 08860E -04 , 

-6 . 65321 E 04, 

1 .40621E 06, 

14160 

2.791 63E-01 , 

1 . 22559E-03, 

-1 .05193E 06, 

1 . 46731 E 06, 

l -a l 70 

9 . r3503E - 02T, ~ 

" TT57r46E-D3, 

1 . o44o4l dt> , 

-5.0Z/63E, 06, 

14(80 

1 . 70898E -01 , 

-4 . 8f ^34E - 04 , 

6.25227E 05, 

-1 .40529E 07, 

14190 

1 . 875 1 5E-01 , 

-2.4t277E-03, 

2.50497E 05, 

-1 . 65050E 07, 

14200 

2 . 25576E -01 , 

-7.62610E-03, 

-1 . 31475E 05, 

4.64152E 05, 

T42l 0 

1 . 

, " r 7 . TE271 E~03,' 

- -arTT373F“'057“ 

Z. 35348b Ob, 

14220 

-7 . 43865E-02, 

-2 . 60679E-02, 

-1 . 46709E 06, 

-2.37443E 07, 

14230 

1 . 17544E-01 , 

-2.521 58E-03, 

-3. 1 2651 E 04, 

1.35649E 07, 

14240 

1 . 06065E -01 , 

-1 . 31958E-03, 

-2.67602E 05, 

1.47543E 07, 

14250 

1 , 55S75E-02, 

9. &0563E-04, 

-T '34T62E 06', — 

2.39162E 07, ' 

14260 

-1 . 14477E-01. 

4. 23825E-03, 

. 16676E 06, 

3.25380E 07, 
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14270 

-1 .65619E-01 , 

8. 13725E-03, 

-5 . 1 2796E 05, 

3.34717E 07, 

14260 

-1 . 28989E-0 1 , 

6. 14888E-04, 

0 . 

0. 

14290 

-8 . 57900E “02, 

-2.54656E-02, 

0. 

0. 

14300 

-2.46756E-01 f 

-2. 55328E02, 

-4.35042E-03, 

2.33492E-02, 

14TI0 

“ - 2 . 4ao4Tt*Gi 

1 . 6^kubt. * 02 , 

0. , 

0. 

14320 

VH( 1,1, 12)= 




14330 

1 . 02496E-03, 

-3 . 86488E-04 , 

-3. 59071 E 04, 

4.255^ E 06, 

14340 

2 . 8450 1 E -01 , 

5. 32372E-03, 

-1 . 14884E 06, 

-2.36463E 06, 

1^350 

1 . 24924IT-UI t 

4 . uybyot-u;j. 

\ . 0804 \ t uo , 

- t . Ab/uot U / , 

14360 

1 .47303E-01 , 

1 .28416E-03, 

-3. 10456E 05, 

-1 . 48263E 07, 

14370 

1 . 22701 E -01 , 

-4 . 43544E - 04 , 

-6.20305E 05, 

-1 .21 1 20E 07, 

14360 

9.61349E-02, 

-2.45506E-03, 

-6 . 0476 1 E 04, 

1 .81 145E 05, 

Tarrotr 

/ . 5Ub44L-U2, 

-Z 7 2t> / t-Ua , 

•l . d bbibt UO, 

rroo29 1 E 06 , 

14400 

3.40453E-02, 

-1 . 68234E- 04 , 

1 . 5701 7E 05, 

1.74462E 06, 

14410 

-2.00245E-01 , 

-8. 76005E-05, 

-5.31215E 05, 

1 . 84852E 07, 

14420 

-2. 03800E-01 , 

1 . sie96E~03, 

-6.44906E 04, 

1.96763E 07, 

144^U 

-4 92lfebL-U2 t 

8 . fc»69^^t-04 , 

“ 1 . b'448lt Ob. 

-3 b3bb«t u7, 

14440 

1 .44 551E-01 , 

-5. 09298E-03, 

1 . 77351 E 06, 

-5.22487E 07, 

14450 

?. 33400E-01 , 

-1 . 1 4901 E-02, 

6.25340E 05, 

-5 . 43533E 07, 

14460 

-1 , 98846E-01 , 

4. 03927E-03, 

0 . 

o. 

144 70 

-6. 85991 t^US; 

•4 . yboi; 1 1 - 02, 

tr ; 

u. 

14480 

-3. 82317E-01 , 

-4. 97679E-02, 

7. 24640E-04, 

1 . 09064E-01 , 

14490 

4.00737E-01 . 

-2. 32687E-02, 

0 . 

o. 

14500 

VH (1,1,13)* 




1 40 1 U 

r 2773TO2E rr 02^ 

- / . uy23 ,j t-U4; 

TTTTR3E uo, 

— /.2UU8UE Ub, 

14520 

4.88000E-02, 

8. 7898 1 E-03 , 

-1 . 46372E 05, 

- 1 . 00420E 07, 

14530 

- 3 . 53280E -02 , 

3.3151 7E-03 , 

-4.35954E 06, 

-3.43543E 07, 

14540 

-3.56247E-01 , 

1 . 23488E-03, 

- 3 . 54628E 06, 

3. 17505E 06, 

14550' 

-5 . 1 5t>oot -u 1 , 

2. ay i39b- uy, 

-if. uo, 

2TTJBT8UE 077 

14560 

-7 . 91 958E-01 , 

1 . 56426F-02, 

5.981 1 3E 05, 

-1 .56372E 06, 

14570 

-6. 38465E-01 , 

1 . 38672E-02, 

1.47026E 06, 

-9.34188E 06, 

14560 

-2. 97909E-01 , 

3. 1 5508E- 02 # 

9.80669E 05, 

2.0O668E 07, 

T4591T 


4 . u^b 1 ut-'iRJ", 

2 . b 1 oo4E Ub , 

-b.o4380t 077 — — 

14600 

2. 66775E-01 , 

*8 . 55084E-04 , 

2 03348E 06, 

-7. 18945E 07, 

14610 

1 . 6346 /E -01 , 

-2. 92261E-03, 

-1 . 67894E 06, 

3.69125E 07, 

14620 

-6. 27376E-02, 

2.6041 IE-03, 

-2.02925E 06, 

5.27942E 07, 

14630 

““ -2 . i , 

- 8 . U3 , 

“1.1 /4 34k 

5.ybUU/L 0 7, 

14640 

-4.381 17E-01 , 

2. 1 9233E-02, 

0. 

0. 

14650 

1 . 40968E -01 , 

-9. 26286E-02, 

0. 

0. 

14660 

•4 . 44076E -01 , 

-9.28013E-02, 

-4.31 04 9E - 02 , 

1 . 04887E-01 , 

T4670 

=4/15420E-01 " 

“ 2. y090ut-02. 

0 . 

o. 

14660 

VH( 1,1,14)= 




14690 

3. 90274E-01 , 

2 . 430 1 4E - 03 , 

-8.02199E 06, 

1 . 93135E 06, 

14700 

6. 29585E-01 , 

4. 84176E-02, 

-4.50673E 06, 

-7.20296E 07, 

147 1 0 

““ 3. 1 2 2 6 1 £T- 0 1 , 

2 . 83O08E-02, 

-3 . 5552UE 06, 

- 1 . 0206UE 08, ™ 

14720 

1 . 1 834 1 E “01 , 

1 . 31 427E-02, 

-5.37194E 06, 

-6.66023E 07, 

14730 

-1 . 36308E-01 , 

6. 63829E-03, 

-3.36812E 06, 

-3.68644E 07, 

14740 

-6. 07365E-01 , 

1 . 23807E-02, 

6.59574E 03, 

-1 . 75157E 06, 

14750 

*4 , 69881 t *01 f 

1. <?4~f2S£-02, 

T.fcOl 16E' 06, 

- 1 . 03tfl9E 0/, 

14760 

-3. 87535E-01 , 

1 . 76769E-02, 

-2.44236E 05, 

1 . 85315E 07, 

14770 

-6 . 5226 1 E “02 , 

2. 73649E-03, 

2 . 45761 E 06, 

-3.63086E 07, 

14780 

6. 70377E-02, 

9. 56862E-05, 

2.47342E 06, 

-4.86735E 07, 

T4?90 

1 . 4901 8E“0 1 , 

-t>. 1T068E 

U7b65ij9E 04, 

7. 23735E 06, 

14600 

7. 70649E-02, 

-3. 06945E-05, 

- 9 . 04622E 05, 

1 . 12664E 07, 

14610 

-1 . 03902E-01 , 

7.61 102E-04, 

- 9 , 50084E 05, 

2. 01 104E 07, 

14620 

9.381 10E-01 , 

-4 . 42073E -02, 

o. 

0. 

T4630 

-<J. 20851 E -'01, ~ 

“ 7 . s232oe-<52, 

tr ~ 

tr — 

14640 

3.39595E-02, 

7.52899E-02, 

9. 76582E-01 , 

7. 95491E-01 , 

14650 

-1 .43327E-01 , 

7 . 48273E-03 , 

o. 

0. 

14660 

VH (1,1,15)* 




14070 

-8 . 8O636E-01 * 

-1 . 0 W 2 QE- 02 , 

i . 8910SE 07, 

B. 90588E 07, 

14080 

1 . 68366E-01 , 

1 , 7 n <r-02. 

-1 23136E 06, 

“2. 62470E 07, 



or; a* V3 

OF POCS QUALITY 


14690 

1 68374E-01 , 

8 . 83628E-03, 

-9.96441E 05, 

-3.8^026E 07, 

14900 

1 02403E-01, 

2.741 76E-03 , 

-1.92087E 06, 

-2. 7561 IE 07, 

14910 

-8.41002E-03, 

8 . 65596E-06 , 

-2. 1 3301 E 06, 

-1 .56124E 07, 

14920 

-2.09043E-01, 

2.00630E-03, 

2. 3923 IE 05, 

-4.62615E 05, 

l4^3U 

~ * i 77454 1 t-U i , 

~ i . ~J9t>o i t- uis “ 

5 . 9BBE /t uo , 

-3 . 3 !45#et Ub, 

14940 

-1 . 55372E -0 1 . 

5 . 68482E-03 , 

-7. 16180E 04, 

8.76392E 06, 

14950 

*5. 19783E-02, 

3.79682E-05, 

1 . 17732E 06, 

-8.87888E 06, 

14960 

1 .44227E-02, 

-4. 16940E-04, 

1.27040E 06, 

- 1 . 45998E 07, 

149 /U 

7 . 930 f ift * u^ i 


I.79U99E U5, 

E . zuo « ut 06 , 

14980 

5. 17070E-02, 

1 .62226E-0 4, 

-4.43506E 05, 

3.12954E 06, 

14990 

-5, 31128E-02, 

1 . 14929E-04, 

-5.42054E 05, 

8.08736E 06, 

15000 

2.44892E-01 , 

-2.41492E-02, 

0 . 

0. 

T5TTTTT 

-3.4I9I9E-U1 1 

"tl. 8b4 /’/E-OZ, 

- ■ 0“ 

k - 1 

15020 

*9.881 37E-02, 

3. 86158E-02, 

- 7. 85464E-03, 

3 . 67491 E-01 , 

15030 

-6. 17626E-02, 

3.21 297E-03, 

0 . 

0. 

15040 

VH( 1 , 1, 16)= 




1 503d 

“ *Z.l>b3I 9L-U2, 

-5 . yyy /3t-u3i 7 

/" 23 FT 5b 05 

9^. ybu41k U6, 

15060 

9 . 32566E-02, 

9 . 76378E-03 , 

-9. 15459E 05, 

-1 .96157E 07, 

15070 

*2 . 44398E-01 f 

9 . 64697E-03 j 

-4.72482E 06, 

1.73793E 07, 

15080 

*4 . 23547E-01 , 

1 . 64043E-02, 

-2.02195E 06, 

4.34775E 07, 

T509O" 

- 3 . b4 u3o t - u i , 

272U Ub4t-g2, 

T . U/34/E '04, 

Z\ T90r9E 0 7, 

15100 

-3 . 8209QE-0! , 

3.67565E-02, 

5.86612E 05, 

-4.23775E 06, 

151 10 

-1 . 04342E-01 , 

3. 34063E-02, 

1 . 1084 IE 06, 

- 1 . 55439E 07, 

15120 

6. 74736E-02, 

1 . 1 3230E-02 , 

-9.09714E 05, 

-2.11327E 07, 

1 6 1 30 

“ “* 3 .'60Z44b-Ql 7 

T 759OT3E * , 07 J 

-4 . 3b49b't ub. 

-b. 2892^1 E 07, ‘ 

15140 

2.58352E-01 , 

9. 14973E-03, 

-6.61266E 06, 

-4 . 45234E 07, 

15150 

*6. 55526E-01 , 

-1 . 36 1 48E-02 j 

-5.09073E 06, 

4.01523E 06, 

15160 

-7. 67344E-01 ( 

-9 . 0044 1 E- 03 , 

3.25542E 06, 

3.27880E 07, 

T5T7U" 

“ 4. 85856E-U1 ~ 

2 . 680 / /L - 03“ 

" b“ 5880 IE 06, 

- 1 . 7 2b 80 1 0'/, 

15180 

1 .42877E-01 , 

4 . 3471 3E-03, 

0. 

0.. 

15190 

1 . 07141E-01 , 

-5.29869E-03, 

0. 

0. 

15200 

7 . 43258E -02 , 

-5 . 25654E-03, 

4 . 4234 IE-05, 

2. 90952E-02, 

T52TTT 

2. "SSI 22E-U1 ; 

-T. b3Jb81T-02’; 

d. 

0. 

15220 

VH( 1,1, 17)= 




15230 

*5 . 37854E-02 j 

-1 . 13185E-03, 

1 . 64 1 59E 06, 

2.15377E 07, 

15240 

2. 00853E-01 , 

1 . 99454E-02, 

-2.67299E 06, 

-4.59547E 07, 

15250“ 

" -5.^4985E-01 7 

T~8bl98E-02^ 

-1574 / /HCt 06, 

“ 2. 9b 734 t 07, 

15260 

-6.45908E-01 , 

2. 78172E-02, 

-8.75192E 05, 

5. 1341 IE 07, 

15270 

-4. 12002E-01 , 

3.33706E-02, 

2.32413E 06, 

3.23168E 07, 

15280 

•5- 721 03E-Q2 , 

3. 73935E-02, 

1.67690E 05, 

-4 . 35808E 06, 

75290“ 

— 1 . 83422E-0V" 

3 . 4bt>b9E-o2 , 

-3 >bbb2E 04, 

-1 . 195836 07, 

15300 

4. 1 8451 E -01 , 

8 . 37344E -03 , 

7.92823E 05, 

-3.39153E 07, 

15310 

1 . 00606E-02, 

9 . 26073E-03, 

-4.13298E 06, 

-4.29428E 07, 

15320 

-2.07272E-01 , 

4 . 04635E -03 , 

-3.60123E 06, 

-2.91402E 07, 

T53TO" 

' 3. 59464t-01 7 

1. 677882-oz, 

06, 

-z.Z 6149£ Ob, 

15340 

8. 65486E-01 f 

1 . 59527E-02, 

-2 . 05782E 06, 

-6.03377E 07, 

15350 

-4.40958E-01 , 

-1 . 37905E-03 , 

-7.268486 06, 

-2, 16903E 07, 

15360 

4 . 06338E-01 , 

2 . 53751 E -02 , 

o. 

0. 

15370 

4.59992E-Z1!* 

-5. 3^1'85’2-02; 

c r r~ 

jj- ; 

15380 

3 1 4452E-01 , 

-2.331 17E-02, 

1 . 04 1 95E-02, 

3. 19781E-01, 

15390 

•5.24439E-03, 

5. 1 2635E-03, 

o. 

0. 

15400 

VM( MJ8)« 




154 10 

~ -4. 1206^E*02, 

-7, 75 1 152-04, 

) , 53046E 0€> , 

T:5T822E 07; 

15420 

1 , 43279E -01 , 

1 . 1 0665E-02, 

-2.77044E 06, 

-2.68477E 07, 

154 30 

4 . 28465E -02 , 

3 . 67569E -03, 

6.69870E 06, 

-4.03851E 07, 

15440 

4 . 89581 E-01 , 

-9.94316E-03, 

3.59349E 06, 

-9.02048E 07, 

K 5450 

~ 5. 00264E-0T; 

-2\ 1 9298E-0?, 

I 7l 13?$E 05, 

-9. 07, 

15460 

8.51 138E-01 , 

-6. 03422E-02, 

-1 . 70655E 06, 

9.86712E 06, 

15470 

3. 34923E-01 , 

-5 . 21 01 CE-02, 

-3 . 44370E 06, 

3.89747E 07, 

15480 

-3. 64077E-01 , 

-1 .92725E-02, 

-1 30419E 06, 

3.38487E 07, 

13490 

-4 . 6B70&E - 6 1 , 

- 2 . 067 1 2E - 02 , 

7.22704E 06, 

7. 904 63 1 07, " 

13500 

-1 . 17639E-02. 

-1 . 04423E-02, 

9. 1 0701 E 06, 

5.23352E 07, 


218 



origan, 

OF POOR QUALITY 


15510 

-6 63707E-02, 

-1 .28518E-02, 

-3 . 064 5 OE 06. 

- 1 . 92079E 07, 

15520 

-5. 1 6992E-01 . 

-1 . 76226E-02, 

9.76046E 05. 

3.41696E 07, 

15530 

2. 62429E-01 , 

-5.21 2Q3E-03, 

4.69818E 06. 

3.39454E 07, 

15540 

4.22956E-01, 

3. 36285E-02, 

0 . 

0 . 

1 5550 ' 

5. i ///Jt-ur; 

-2.4 7bu6t ~02 , 

u. 


15560 

3.65224E-01, 

-2.44838E-02, 

-7.80533E-03. 

-1 .33486E-01. 

15570 

-2.67997E-01, 

4.95160E-03, 

0 . 

0 . 

15580 

VH( 1,1, 19)* 




1 5os*u 

I . 

-o.U lUUat'Ub” 

-b.izUVbt 04, 

6"! 5959bb U5. 

15600 

1 .58221E-03, 

1 .43969E-03, 

7.37522E 04. 

-5.28104E 06, 

15610 

*5. 62334E-02, 

3.90226E-05, 

*1 53015E ?6, 

-4.62624E 06, 

15620 

*1 .37904E-01, 

4.50067E-04, 

-2.92432E 05. 

4. 6901 IE 06, 

1 ObJU 

- 1 . lyjsyL-m; 

“ 1 ! 1)0593^-03, 

7.J9/92L 05. 

2 . bW97bb Ub, — — 

15640 

-9.35606E-02, 

8.20417E-04, 

1 98413E 05. 

-3.72765E 05, 

15650 

-7.O5806E-O2, 

3.26033E-04, 

4 . 82451 E 05. 

-2.66986E 06, 

15660 

2.50083E-01, 

-9. 13756E-04, 

2 . 780O3E 06. 

-1 . 01 064E 07, 

"T5670T 

-2. 144-j/t-ur; 

- 3 . /zt -U J , 

1 . bb 111b Ub. 

“ 1.40835b U7, — 

15660 

-8.02800E-02, 

-1 . 52563E-03, 

2.90079E 06. 

5.43413E 06, 

15690 

* 2 . 07587E * 02 , 

-1 09388E-02, 

1.08755E 06, 

-7.59524E 07, 

15700 

-7. 64575E-02, 

-2. 30819E-02. 

2.31076E 06, 

-4.36577E 07, 

16/id 

1 . 69 1 bbt-Ul , 

-2 . uo 7b 7b -Uz, 

1 . 618 / 7b Ob . 

r .BB34gt m~. 

15720 

>1 . 53240E-02, 

-1 97817E-03, 

0 . 

0 . 

15730 

* 2 . 69858E - 02 ( 

1 24017E-03, 

0 . 

0 . 

15740 

-1 . 93778E-02. 

1 . 2234 IE-03 , 

-2.6344 E - 03 , 

6.70793E-03. 

15750“ 

" - 7 . U299bt^Il “ 

i . 520i4t-uz, 

u. 

b. , "" " 

15760 

VH (1,1,20)* 




15770 

-5.20245E-04, 

-6.72525E-05, 

2.61779E 03, 

2.65847E 06, 

15760 

1 . 36699E-02, 

3. 80643E-03, 

-1 . 49221 E 05. 

-1 . 38496E 07, 

15790 

~ -3. 14436b -02/ 

- l . 9 g9oz2-U3 , 

-9 687 /9b 05, 

* 3 . tW 306t U/, 

15600 

-1 . 16604E-01 , 

-6 . 4881 IE-03 , 

-2.61 358E 04, 

-2.09995E 07, 

15810 

-1 . 33893E-01 , 

-8 . 97 1 25E-03, 

1 03137E 06. 

-1 . 86123E 07, 

15620 

- ! , 59672E-01 , 

-1 61964E-02, 

3.07129E 05, 

2 . 08421 E 06, 

1 5830 

*Z . Zbb4ot ~ 01 , 

*1763 7 /4b -02/ 

1 /T>778»i 06, 

~ 2. T 9074b 06, ~ 

15640 

3. 75578E-01 , 

-8.62385E-03, 

5.66529E 06, 

-9.78733E 06, 

15850 

-3. 23069E-01 , 

-1 46480E-02, 

4.53815E 06, 

4.40903E 07, 

15860 

-2. 93968E-02, 

-8 . 46665E -03 , 

6.16685E 06, 

2.93204E 07, 

1 58/0 

9. 5907/E-02" 

“ 5. 78200b "03 i 

-3/ 24 3 /4b Ob, 

7TBZT0SE 07. 

15860 

-I . 82012E-01 , 

1 . 56859E-02, 

-2.72977E 06, 

7.46267E 07. 

15890 

-7. 1 9922E-02, 

2 . 08493E-02 , 

4.92383E 05, 

9.28470E 06. 

15900 

1 . 36495E-02, 

*7.66*98E*05, 

0 . 

0. 

15*10 

r 472 f 95 72E7UT, 

2737b 16 E- 04 , 

" TT. " ' ", ' 

cn 

15920 

-2 . 81 988E-03, 

2 . 36388E-04 , 

1 . 32392E-03, 

-1 69408E-02, 

15930 

6. 264 1 5E-01 , 

-1 . 29828E-02 , 

0 . 

o. 

15940 

VH( 1,1,21)* 




15950 

i . 2ei 3 ze - OtF, 

r 2773493E~-c55, 

-“1/0267 lb 06, 

Z. 0394 IE 06, ■" 

15960 

8, 1 91 46E *03, 

3 . 67559E -03, 

1 . 17133E 05, 

-1 . 6491 6E 07, 

15970 

-2. 13565E-01 , 

1 .56101 E-03 , 

-4.43713E 06, 

3.48162E 06, 

15980 

*3 . 75929E-01 , 

5 . 27423E *03 , 

2.99669E 05, 

2.20776E 07, 

15990 

263441^-01/, 

7. 26402E-03, 

”3 28477b 06 , 

~ 6.21 778E"D6, 

16000 

9.23863E-01 , 

-2.49498E-02, 

-2.45340E 06. 

756G31E 06, 

16010 

5. 57048E-01 , 

-1 .71080E-02, 

-5.55078E 06, 

3.96762E 07, 

16020 

-3. 09407E-02, 

-2. 82757E-03, 

-1 . 19297E 06, 

2.64379E 06, 

16050" 

: 1 . T091 2ET-G1 “ 

*3/1 5^5 lE* 03 , 

"" 1 . 071 07E 06, 

7. 70546E 06, 

16040 

-2. 97160E-02, 

“1 . 8669 1 E -03 , 

1 . 81622E 06, 

3.46022E 06, 

16050 

2 . 59797E-02 , 

-5.01944E-05, 

-3.58628E 05 

4.64654E 06, 

16060 

-3. 50127E-02, 

1 . 35957E -04 , 

-2.97313E 05, 

8. 1 886 1 E 06, 

16070 

3 . 1 8629E - 03 , 

1 . 26489E - 03 , 

2.72088E 05, 

- T7T5T55E 0 6, 

16080 

-2. 86710E-02, 

-3 . 482 7 6E-03 , 

0 . 

0. 

6090 

-3.47255E-02, 

1 . 45735E -03, 

0 . 

0. 

16100 

-2. 58980E-02, 

1 . 4274 1 E -03 , 

-4 . 90738E - 03 , 

-1 . 27135E-02, 

161 10 

2. 93878E-02, 

-4.60035E-04, 

6. 


16120 

VH( 1 , 1 ,22)» 
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16130 

*78324 96*04, 

-7.3O606E-O5, 

188423E 04, 

4.09662E 06, 

16140 

1.79580E-02, 

6.56251E-03, 

-2. 68071 E 05, 

-3.5421 3E 07, 

16150 

9. 53285E-02, 

-6.92285E-03, 

1.48683E 06. 

-6.14487E 07, 

16160 

1 . 43604E-02, 

-2.33140E-02, 

1.31689E 05, 

-6.76934E 07, 

T6T70" 

- 1 . zriggt'-ur; 

- JJVuDUDUt. * UZ , 

8" fSZBiFW; ■ ' 

-4.4yUZ4t 0 /, 

16180 

7. 90323E-01 , 

-8 . 31021E-02, 

-2.019O4E 06, 

2.16177E 07, 

16190 

6. 68949E-02, 

-6.64819E-02, 

-4. 8574 IE 06, 

7.53374E 07, 

16200 

*1 .174356-01 , 

-1 . 83253E-02, 

4.58573E 06, 

1 . 04452E 07, 

1 1>«: i u 


=T77onronnr 

-5. Ub, 

o.zivbit 07, 

16220 

1 . 55366E-01 , 

1 .34420E-03, 

-1 . 0664 7 C 07. 

1 . 03729E 08, 

16230 

-1.84055E-01, 

7.56587E-04, 

6. 90689E 05, 

-1.55Q26E 07, 

16240 

1 . 551 35E-01 , 

1 .81 172E-03, 

1.83564E 06, 

-3.75558E 07, 

1 bifbu 


*4 . l Ibllbt-UJ, 

-T 572b Ik Ub, 

-2'. /45U9E - U/j 

16260 

2. 96756E-02, 

2.55107E-03, 

0. 

0. 

16270 

7 . 82389E-03, 

-3.65777E-04, 

0 . 

0 . 

16260 

5 . 6 OO 86 E -03 , 

-3.58744E-04, 

3 . 87239E-03, 

4.93316E-03, 

T6290' 

- / . 4bo3 It- 02 , 

“ Z. 9Ub I bt - 04 , 

u: 


16300 

VH( 1,1, 23)« 




16310 

-2.031 95E-01 j 

-4 . 20088E-02, 

-2.43757E 07, 

3.16734E 09, 

16320 

-2 . 64942E-02, 

-1 . O6546E-02, 

1.46759E 05, 

7.13333E 07, 

1 bJJU 

2"“87T73ET0T] 

“ OSTTTTTHT" 

- 0 . rSOTTE u4. 

-b . u^. 

16340 

1 12758E-04, 

3.26977E-04, 

-9. 221 1 IE 04, 

-5.38552E 05, 

16350 

-3.01 905E-03, 

2. 73104E*04, 

-7.26085E 04, 

-3.44682E 05, 

16360 

1 .30504E-02, 

-2.74826E-04, 

-5 . 02931 E 04, 

1 . 35506E 05, 

T6T7CT 

/. U55U3E-03, 

"- *u47 

- 1". \ I490C \>6, 

““ UD, 

16360 

-3. 60661E-03, 

3.27220E-04, 

4.07103E 04, 

-2. 23763E 04, 

16390 

9.70209E-04, 

2 . 46001 £-04, 

1.45196E 04, 

-1 . 13965E 06, 

16400 

1 .48073E-03, 

1 . 27125E-04, 

-4 . 43845E 03, 

-1.47507E 06, 

1 64 *0 

-TT/815/E-uar 

- 1 . otjotuifc. *u5 , 

- r 37b/3E”U3, 

" 1. "428 /9k 04, 

16420 

2.96727E-04, 

4. 13617E-06, 

*3 . 37007E 03, 

3.30789E 04, 

16430 

-1 . 24997E-04, 

5.96241E-06, 

- 5 . 36022E 03, 

1.98087E 04, 

16440 

1 26022E-02, 

1 . 28864E-03, 

0 . 

0 . 

TCTfTT 

* -ST. B93Zdt-o4^ 

-z . u9U i bt - 06 , 

U. " ■ 

0 . 

16460 

-1 . 15356E-03, 

-2 . 31 673E-05, 

2.94946E-04, 

-1 . 11766E-02, 

16470 

t . 3089 i E -04, 

4.24523E-06, 

0 . 

0 . 

16480 

VHM ,1,24)* 




TB4T9U 

-2. TH33 

*5 . 4bb6ut‘04, 

r 4TTr595E’ 05 , 

4 . /Ubbbt U 7 , 

16500 

1 . 13667E-01 , 

4. 1 7670E-02, 

-3 95442E 05, 

-3. 12713E 08, 

16510 

-1 .30247E-01, 

-8.65938E-03, 

3.05919E 05, 

-1.03074E 07, 

16520 

-7 . 02783E-02, 

-1 . 03461 E -02, 

3.05940E 06, 

- 1 . 07633E 07, 

T553TT 

“ 5 . Z6Vz3e-OZ, 

-1 . ZlB75fe‘bi, 

" 3T84 r48E"’06'; 

' -1.TT621E or; 

16540 

-4.24239E-01 , 

-7. 14600E-03, 

1 71231E 06, 

- 1 . 7824VE 05, 

16550 

-3. 10668E-01 , 

-9.53845E-03, 

4.21807E 06, 

-1 .51003E 07, 

16560 

1 . 5676 IE-01 , 

-2. 20481E-02, 

-1 .05-1886 06, 

2.56667E 06, 

T657TT 

3V67466E-02, 

=Tr6z995E-o^, 

-174090/6 06, 

8. 09Z70E~b7, 

16580 

-6. 13423E-02, 

-8. 19132E-03, 

-1 .27321E 36, 

1 10273E 08, 

16590 

-2.27203E-02, 

6.02946E-04, 

-6.26833E 04, 

-1 . 89459E 06, 

16600 

1 . 22442E -02, 

3. 93836E-04, 

3.00412E 05, 

-5.69325E 06, 

T80TCT 

~ -8.56527E-0^, 

-teT^^9^4E-0 4, 

-1.66053E 05, 

-5. 6Z394E 06, 

16620 

-8.4141 2^-01 , 

-1 . 09983E -01 , 


0 . 

16630 

1 . 421 76E-01 , 

-7.49397E-05, 

0 . 

0 . 

16640 

1 . 45639E-01 , 

1 . 85013E-04, 

- 1 . 74447E* 01 , 

1 , 75073E-01 , 

T6650" 

r FT>8646E-(Jj5, 

-S'. 07z4eE*o47~ 

0 . 

0 , 

16660 

VH( 1 , 1,25)= 




16670 

-6.30607E-04, 

-2. 82097E-04, 

-4.29355E 05, 

2 . 73009E 07, 

16680 

8.59402E-02, 

2.83799E-02, 

2 65513E 05, 

-2.23732E 08, 

16690 

-2. 4O435E-01 , 

-1 . 55i78E-02, 

-3. 17609E 06, 

-6.06^l4E 07, 

16700 

-3.54453E-01 , 

-2.41944E-02, 

5.27672E 06, 

- 4 . 0404 IE 07, 

16710 

-8. 14389E-02, 

-2 . 9981 6E *02, 

9.045G3E 06, 

-5. 15333E 07, 

16720 

-9. 98721E-01 , 

-3. 16866E-02, 

4. 1 0661 E 06, 

4.03517E 06, 

16730 

-8 . 04Z9Zt;-Oi , 

: 3.'47672E-02, ' 

nj5357E“577~ 

- 2 .B 80 V 2 E by. 

16740 

4.93977E-01, 

-6.38036E-02, 

-290433E 06, 

6. 1733 IE 06, 
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OR ^ 4 

OF PC-O/; 


16750 

1 .02594E-01 , 

-5. 10866E-02, 

-4 . 45479E 06, 

2 49027E 08, 

16760 

-1 . 9024 IE- 01 , 

-2.58601E-02, 

-3 64472E 06, 

3.42530E 06, 

16770 

-1 .211 60E-01 , 

6 . 62564E-05 j 

-6.90206E 05, 

-6.63973E 06, 

16700 

7.09214E-02, 

1 . 68982E-03, 

1.65992E 06, 

-I . 67542E 07, 

T6790" 

• 1 . 

- T . 23326E-03", 

r TT330T6E 0b, 

-1.79269E 07, 

16600 

7.40006E-01 , 

1 07669E-01 , 

0. 

o. 

16610 

-1 . 56535E-01 , 

6.7751 IE-04, 

o. 

o. 

1 6620 

-1 56584E-01, 

3 . B77&7E-04 , 

2 . 08020E-01 , 

-7 . 94858E-01 . 

f 6630 

“1 .59l43t-U2, — 

*■4 . 1 I 5 1 1 

u • 

“0. 

16640 

VH( 1,1, 26 ) * 




16650 

-1 . 26856E-04 , 

-3 1 ib35E-05, 

-3.87463E 04, 

2.99489E 06, 

16660 

6 . 88556E -03, 

3.05126E-03, 

3 . 93721 E 03, 

-2.45551E 07, 

1 6870 

b . » 1 ift ~ U J , 

“ 1 . Ot>^4 1 t - UJ , 

* * 7 bi^4b'Jt UD, 

-5 . flSOb Jt uo, ~ 

16660 

2 09814E-03, 

-2.54290E-03, 

9. 49982E 04, 

-3. 82573E 06, 

16690 

-7 . 8771 4E-03, 

-2 . 85577E-03 . 

1 48970E 05, 

-1 . 03&04E 06, 

16900 

-1 . 83787E-03, 

-4. 71050E-03, 

-1 64712E 04, 

1.43634E 06, 

TF9**U" 

“Z . 1 

-4 . 04 1 4 1 t'UJ , 

1 . Ub 1 DOC. UD, 

Ob, ~ ~ 

V>&20 

-1 .9151 0E-03, 

-2.24375E03, 

5.59625E 04, 

5.35155E 05, 

16930 

8.48804E-02, 

- 9 . 5904 7E - 05 , 

-2.23566E 06, 

5.06000E 06, 

16940 

-6. 31052E-02, 

-3.44518E-04, 

-2.53302E 06, 

1.76773E 07, 

ibys>tr 

0 . U'jtwot“0 1 , 

Id . K> Jbd<£ t*u2. 

b . « 2 byy t Ub, 

2.915UOE 

16960 

-5. 30779E-01 , 

-6.02442E-03, 

-1 . 14531 E 07, 

-1 . 0381 7E 07, 

16970 

1 . 95141E-01 , 

-4.78980E-03, 

1 . 2551 0E 07, 

9.61752E 06, 

16980 

2 . 92689E-02 , 

4 . 61654E-03, 

o. 

o. 

ibyyu 

- b . ITJO 1 /t -Uu , 

1 . 345b4fc-ut>, 

u . 

^ * » 

17000 

-6. 19136E-03, 

1 . 74014E-06, 

-1 40738E-03, 

6. 1 8373E-03, 

17010 

-1 . 33840E -01 , 

- 9 . 76779E-03, 

o. 

0. 

17020 

VH (1,1, 27 ) * 




1 ?0J0 

“ “4 . 4b9/ 1 1 , 

- 1 . Uy230t * Uu , 

- i . /uud9 t 0b , 

i . T4283E 08, 

17040 

3 . 72608E-01 , 

1 22330E-01 , 

7.95328E 05, 

• 1 . P4583E 09, 

17050 

1 . 35624E-01 , 

-2. 12933E-02, 

1.04776E 07, 

1.78759E 08, 

17060 

5. 63891E-01 , 

4.98442E-03, 

3. 0769 IE 05, 

1.32479E 08, 

T7TJ7TT 

" 3. 93030b -or; 

*■ 2 ,'i yuybt^oz, 

- 6 . 0b , 

1 . 4b^4t Ub, 

17080 

9. '» 4673E-01 . 

7.02359E-02, 

-3.78754E 06, 

-1 . 72369E 07, 

17090 

9 . 5085 IE-01 , 

6 . 51 428E-02 , 

-1 . 10422E 07, 

-7.36723E 06, 

17100 

-5. 91074E-01 , 

9. 1 3877E-02 , 

2.39993E 06, 

-7.67129E 06, 

T 7i Id 

-Z". 292«bL -U7 , 

“ 7 ;“4y3 3 2E“- 027 " 

7 . 24uu 4 t 06 , 

-4. bl UU /fc Ub, 

17120 

2. 73607E-01 . 

3.62754E-02, 

6.78666E 06, 

-5. 1 1801E 08, 

17130 

-3. 36146E-02, 

-7. 35109E-03, 

-7 . 76364E 05, 

“5.46628E 05, 

17140 

3 . 74487E-02, 

-1 .3126 IE-03, 

6.79812E 05 

2.8041 IE 07, 

1/1 DU 

-3\ 22544E*02 r ; 

3V023U9t-0u, 

“1.4/ /Out. 0b , 

Z.t>194bt O/, 

17160 

6. 35673E-01 , 

1 . 1 8224E-01 , 

0. 

0. 

17170 

-1 . 63853E-01 , 

7.46395E-04, 

0. 

0. 

17160 

-1 . 63996E-01 , 

4 . 20347E -04 , 

8. 92156E-02, 

-3. 16519E-01 , 

1 7190 

5. /BBUlt-Uy, 

"" 3. 63UZ /C -03, 

0.' 

U. 

17200 

* END 
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original PAG-: ' 
OF POOR QUALff* 


17210 

SLIST3 

17220 

l TYPE=5 , 

17230 

ILEW^I . — • 

1724C 

JT*3, 34. 

17250 

Y$=4E6, 

17260 

ZS=4E6, 

77270“ 

“idaHP= i , 

17280 

QELEM= 1 5, 

17290 

QFREQ=55.2, 

17300 

$£ND 

17310 

TET5T3 ‘ 

17320 

1 TYPE=5, 

17330 

!LEM=2, 

17340 

JT*4, 35, 

1 7350 

Y5=1\595EB; 

17360 

ZS=1 . 695F6, 

17370 

I OAMP= 1 j 

17380 

QELEM= 15, 

17390 

QFREQ=55 . 2, 

17400 


T74TTT 

9171 s i J 

17420 

I TYPE=5, 

17430 

t LEM* 3, 

17440 

JT* 1 1 . 36. 

T745D 


17460 

ZS=230765, 

17470 

I DAMP* 1 . 

17480 

QELEM* 15. 

1 749U 

OFKLtJ 5 53 . 2. 

17500 

SEND 

17510 

SLIST3 

17520 

l TYPE=5 , 

1 /530 

1 Ltn*4 , " ~ 

17540 

JT=20, 6, 

17550 

YS*248864 , 

17560 

2S*248864, 

T757TT 

TOAhr- 1 , 

17580 

QELEM* 1 5, 

17590 

QFREQ=55.2, 

17600 

* END 

i A)iu 

“TCT5T3 

17620 

I TYPE=5, 

17630 

I LEM*5, 

17640 

JT«?,37, 

T765TT 

ViU 1 . 5LB, 

17660 

ZS=1 . 5E6, 

17670 

I DAMP* 1 , 

17680 

QELEM* 1 5. 

T7H9tT 

OFREO«55727 

17700 

I6MD 

17710 

SLIST3 

17720 

1TYPE*3, 

1 773 o 

i Ltn*I>, 

17740 

JT* 1,21, 

17750 

5K= 1 E6, 

17760 

DBAND=250, 

T777TT 

CC*o, “ 

17780 

*£WD 


177*0 SLIST4 
17800 1$TART*Q, 

T /810 DEL I A= 5 £- 6 , 

17820 TF!NAL=0.200, 
17830 I PRMUL* 1 300, 
17840 I PLMUL*20, 

17850 I ROT I *1 , 

17860 BEGTtM*0, 

17870 BEGRPM* 331 1 .2, 
17880 TRHI3* 

77890 1 , 0 . 

17900 A* 1 . 1655718E-6. 
17910 B S ~7.2149131E*3, 
17920 C*1 .4332664E1 , 
17 930 0=5 . ' 08&4198 F 3, — 
17940 UNBAL= 

17950 O, 1 , 500, 0, 

17960 GYRO* 

T7970 1 , 381881', 

17980 2.42599. 


17990 

3, 2202 i 

18000 

4.620, 

18010 

5.271. 

18020 

6.4450, 

1 

/ .5(2. 

18040 

6.27727. 

18050 

9.62440. 

18060 

10,49497, 

1 TO 70 

1 I i *£/©, 

18080 

12.5261 . 

18090 

13,4482. 

16100 

14,5959. 

T8TTCT 

157 W06"; 

16120 

16,6908, 

18130 

17,421 1 . 

16140 

18,20293, 

T8150” 

IU, 18597, 

18160 

20,466, 
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omstf- V. 

OF POOR QJ i^iSrf. 


18170 NPD* 
18180 1,1, 


rgretr 

em 

1 6200 

4,1. 

18210 

5.1. 

18220 

7.1, 

1 8Z30 - 

0. * , 

18240 

9,1. 

18250 

10, 1 , 

18280 

11,1, 

1 8270“ 

1 4 , \ , 

18280 

16.1. 

18290 

19,1. 

18300 

20, 1 , 

TFrnr 

J 4 

18320 

35,1. 

18330 

36,1, 

18340 

37,1. 

1 8350 " 

1 , 3 , 

18360 

2,3. 

18370 

4,3, 

18380 

5,3. 

1B390" 

7 , 3 , 

16400 

8.3, 

10410 

9.3, 

18420 

10,3, 

1 0430 

ll,3. 

18440 

14.3. 

18450 

16,3, 

18460 

19,3. 

18470 

20,3, 

10480 

34,3, 

18490 

35,3, 

10500 

36,3, 

18510 

~rrrr, 

10520 

NEPD» 

18530 

1,3,1, 

10540 

1,3.3, 

10550 

2,4, r, 

18560 

2,4,3, 

18570 

3,11.1. 

18500 

3,11,3. 

TB590 

4,20'rr; 

10600 

4,20,3, 

18610 

5,7.1, 

18620 

5,7,3, 

18630 

6,1,1, 

10640 

6,1,3, 

1 8650 

i , , 1 . 

18660 

1,34,3, 

18670 

2,35, 1 , 

18680 

2,35,3, 

1 8690 

^D, 3, 

18700 

3,36,1. 

18710 

4,6,1, 

18720 

4,6.3, 

1 8730 

» , 3 t , 1 . 

18740 

5.37,3, 

18750 

6,21, 1, 

18760 

6,21,3, 
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7.5 E 3 TETRA TEST RUN OUTPUT 


t 


i 
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TNI CtfNMNT MBCIIM LIMITS TDI TNI INPUT VANIAOLIf All * 

MAR MB OP PHYSICAL POINTS MIT LOCATBB ON TNI MtOAL SUOSTSTIM** IB 


ORIGINAL PAG2 1 $ 


MAI MB 

op physical 

POINTS 


MAI MO 
BP MOOIS 



MAI . 

NO 

OP 

PHYSICAL 

POINTS 


12 OTHIN 

than 

THI 

c s 

P01NT< 

MAI . 
HUMS 

NO 

IN 0 

OP 

p Ml 

PHVS ICAL 
»D!S POO I 

POINTS 

tUBSVSTI 

!H II i ) 

13 otnio 

than 

THI 

c . c 

POINT) 


OP TfPI t PHYSICAL COMNICTIMC ILlMCMTS* 
OP TVPI 1 PHYSICAL COMNICTIMC ILlMCMTS* 
OP TYPI 3 PHYSICAL COMNICTIMC IlfMfMTS* 


OP TVPI S PHYSICAL COMNICTIMC ILCMCNTS* IB 
OP SPIIO SICMIMTS* 10 
OP UNO A L AMC I BIOTM fTIMTS* 20 


OP TIMI'PONCI HlSTONY LOADS * 30 

OP T I MI * PONCC HlSTONY TAOLlt 1 10 

OP | T I MB ~ P 0 N C t I PAINS IN IACM MISTONV TAO LI* 


NO OP ( PO 1 MT , OINCCT I ON ) PAINS PON WHICH COONOIHATIS. 0 I SP L ACCMt NTS . 
VI L DC 1 T I IS . AND MODAL PONCCS ANC WN 1 T TIN TO THf PLOT PU«» SO 
OP l ILCMCMT . POINT . 0 1 MICTION > TNIOS PON WHICH COMNICTIMC 



III-ICLS LP NOTON SuOSTSTIM VIATICAL 


MUMOIN OP SUOSTSTIM DINCCTIOMS* 2 
SUOSTSTIM DIMCT10NS- 


4 . |hLU«>L 

THITA-Y {GLOBAL DINBCT ION 2) 

COONOIHATIS OP RIPINIMCI POINT HCLATIVt TO CLOOAL SVSTIM (IN ) 


COONDINATIS OP POINTS ON SUOSTSTIM flNCMIS) 

LOCAL COONDINATt SVSTIM CLOOAL COONDINAT! STSTIM 



LOCAL 

MODI 

CINIHAL I IID 
COONDINATt 

PMOUCNCY 

POTINT I AL 

0 

MODI TVPI 
0*PL|XIILC 



DAMP 1 MC YALUI 

MUMOIN 

NUMSIN 

NPM 

IMCNCY 

f ACTOR 

1 * N t C t 0 BOOT 

WCICHT *L0 

LO/IM 

( LS StC )/IN 


a . asst o i 

I 1741 04 
1 1 4 1 K OS 



10 

10 

43 l 40 

7 . • 4 0 1 

OB 1 

1 1 

1 t 

SOS 3 1 

4 2131 

OS 1 

13 

1 3 

■ 7 3 1 S 

1 3 S S I 

07 t 



■ • 

7 sail 

02 

03 

o . 
0 . 


• ton 

03 

2 . 34 SI 

04 

0 .1341 

0| 

2 . 3SZI 

OS 


2 SSSI 02 

1 . IBS! «} 

2 S 321 02 


1 • 101 07 

S . SO SC OI 

27321 07 




MODI COONQiNCrC P 0 I N T 

NUMOCN HUMS K A NUMBt 




















1 



4 -O 42137 

4 -O 34414 

• 

0 

01004 

01009 

-7 0419 
•4 4939 

00 

OO 

-1 7399 
-7.9439 

03 

• 1 

ORIGINAL PAGE IS 

9 0 01741 

0 

01004 

0 


O 


AllAI ITS/ 

T 6 01)1 o ATcot -1 1131 TTITTIT WZnJl* UUWUM 1 

4 O 04434 

0 

01004 

o. 


• 



1 0.13413 

0 

01004 

'3 3419 

•0 

- 19411 

• 1 


0 0.31432 

0 

01004 

*••719 

>91 

• 



1 O 09141 

0 

00744 

3 3999 

#o 

4 1441 

01 


2 0 HIM 

o 

00794 

4 *709 

04 

» •149 

• 4 


1 O 14040 

0 

00794 

* 1 4049 

oi 

1 3449 

07 


1 6 3902 1 0 007*3 . I mm -1 9799 91 1 

1 O B049O 

o 

00792 

'3 444C 

OO 

-1 •139 

03 


4 0.91347 

0 

00792 

0 


o . 



7 0*1219 

0 

00742 

' 4 . 1339 

• 1 

- 1 4439 

•4 


1 6 11611 “ 

9 041794 

0 

00442 

00443 

A . 

-3 0049 

01 

t. 

7 . 7399 

• 1 


9 O. 94401 

o 

00442 

4 4 399 

•04 

1 0999 

•4 



1 -0.30414 

-0 03404 

■3 7439-04 

•9319-03 

1 -O 107 17 

-•03399 

1 0739 01 

7 . 3031 - 09 

1 *0.74119 

*• . 02343 

4 4*49 O 1 

3.9939 04 


-O . 13940 

O 09411 

O . 

0 . 

0 09494 

-O 17434 

0 03449 

0 03733 

-94994 OO 
0 . 

1 9434-09 
• . 


1 10 

0 43929 

0 03733 

• 9499 -04 

4.4919 

-04 

t 1 

004 103 

• 03941 

1 . 1 994 04 

3 0334 

04 



O . 21234 

0 . 03930 

•2 9234 

01 

-3 2374-04 

O 17 1 • 1 

-0 . 00492 

-3 . 7094 

04 

- 1 .0094 09 

-O 11993 

*0 03479 

•3.9044 

#4 

4.1374 04 


I - W . 1)1 1 l 

1 -0.31443 

a . a* 

0 09744 

« . 

2 . 1999 

OI 

« . 

- 1 9374 • 04 

1 -O 74134 

0 09002 

0 . 


0. 

1 -014230 

0.07003 

3 3399 

04 

*7 . 7039 04 


1 -0.040*4 

-O 00442 

•Mill 04 

-43*9* 09 

r -o 12 ioo 

-0 00414 

-0 . 9794*04 

4 9909-03 


O 37993 

O 03 1 14 

7 7349 

04 

3 0014 

04 

041*19 
-O . 04144 

-0 .01747 
-0 00137 

-2 9994 

0 . 

04 

-7 9094 

0 . 

04 


-o . 1230* 
-O . 04179 
0.03393 


0.04194 
0 10949 
O 097 1 4 


O 00937 
O 00939 
0 . 0093 1 


0.00379 
0 . 004 4 1 
O 00314 


4 *4*9 04 
• 1 4479-03 


47979 04 
- 1 . 4949-03 
•4 7199 OO 


•9 . 0409 09 
4 . 9309-03 


1 . 4799 04 
- 1 0099-01 
9 9199 -04 


0 79944 

0 . 0422* 

7 4449 04 

• 1 . 44*9 04 

O 020*4 

- O 0174* 

0 

0 . 

•0 . 0*970 

-O 01744 

4.4711 OO 

• 1449-04 

-4 6i i o i 
-0 . 03*03 

6 00943 
0.00424 

A . 

1 . 4439 09 

J . 

-20149 09 

0.011*4 

0 .00424 

•3 9049-03 

2 04*9-02 

-0 . 0144* 

-0 . 00042 

- 1 .9999 OO 

-3.7199 09 

•0 04494 

-O 00394 

7 . 7009-04 

-9 0979-03 

-002023 

•0 00004 

3 0339 OO 

- 1 . 1179-03 

0 . 42490 

•0 03472 

-1 9249 04 

-1.4919 09 

-O 3*012 

O 04043 

3.3311 04 

i •901 09 

0 . 1 *4*7 

-0 04441 

o. 

0. 



1 001414 

•0 . 00439 

3 

4999 

09 

7.3099 07 

t 0 92094 

O . 04439 

*9 

4909- 

03 

- 1 4349-01 

1 -0.30474 

-0 01333 

3 

. 0449 

OI 

-4 1139-03 


-0 . 33394 

-O . 00149 

4 3449 

03 

1 . 3409 •• 

0 10943 

•0.03923 

o. 


0. 

•0.07399 

•0.02991 

7 3949 

OO 

-9 . 9999-04 


l *9.17414 

•O 00901 

•I 9199 

•03 

* 1 .3 139*01 

1 0.07013 

O 00399 

-7.0139 

00 

1 . 9779-03 

l -034304 

0 07447 

9 0999 

04 

3.3419 09 


0 404*7 

•O . 12979 

0 . 

0 . 

*©. 33271 
•0 14144 

-0. 13771 
-0 00079 

33399 01 
0 . 

•7 9379-04 
0 . 


1 to 

0 . 1 9324 

0 . 00013 

• 7799-03 

0- 

> 1 

0 00319 

0 - 00030 

•37949 04 

*9 . 1309 09 



0 . 00940 

0 . 00014 

-4 4449-01 

-4.4439-04 

-0.01921 

0 0 10 io 

7 3411 04 

3 4149 04 

•0 1 (9*0 


-• 9349 03 

•3949 01 

-At 7614 

-0 94999 

-A 04444 
-0.07703 

0 . 

1.4449 01 

O . 

4*419-03 

0 994*9 

0.01934 

0 

0 . 

0 . 17444 

0.01071 

- 1 0139 07 

1 4 tCl 07 

5 -A-TAHt Omi -1.79 II*oS 3 l!fl-At 

1 *0 01439 

•ft 00011 

» 7419 O, 

3. 3249 04 

1 00171ft 

0.00144 

1 .3439-03 

- 1 4249*01 


1 1 

1 1 

9 

0.021*4 

•0 01304 

o. 

0 . 

1 1 

1 1 

• 

•0 01071 

•0 00* 1 4 

1 .1479 04 

31*49 07 

1 1 

1 1 

10 

0.14744 

-0 . 003* < 

-3 . 4741-03 

-• . •••(*02 


226 is 


0 0203* 

O .000*9 

•3 4939 04 

-3 0339 04 

0 OOII4 

-0 00131 

- 1 3441-03 

-3 3*49*01 

0 041*0 

•0 00004 

*4 1* If 00 

• 7449-03 



-0 4*343 
•0 .41493 
•ft 431)1 


0.0409 1 
0099 19 
O 04437 


* » .Ollt'OI 




















ORIGINAL PAGu i3 

11 

12 

12 

11 

1 09229* 

1 -0.99910 

9.091 10 
-090101 

1 . 1*11 0* -0 07*1 9* 

-2 9*41-01 -■•07*01 

OF POOR QUALITY 



0 4*7*4 

0 1123* 

1 *041 

41 

* 0 . 07Ot 

91 

0 « 22 SO 
0 327*7 

9 • 97 t BE 
-9 94*00 

7 1011 
9 . 

9B 

-0.9071 
9 . 

90 


•0 1 ll«l 
0 17*12 
*© 1*1** 


e 0**00 
0 0177* 
0 OOIIO 


•9 017*1 
-090011 
O 01711 


O 0007* 
-0 002*4 
•O 007 1 ■ 


*2 . 1*41 O* 
* .1111-91 


Mill O* 
4 0 A7( • 01 
-• 0011-91 


Mill 07 
7 . 1*01 -91 


-9 1*01 01 
•1 f Olt *0 I 
• 179B-94 


9 41127 

-0 10017 

-1.0191 

90 

•4 427B 90 

' O 9SS0S 

0 91020 

9 . 


9 . 

0 07*00 

0 03*11 

-7 . 0071 

90 

•1 . 7000 *01 

' 6 . (1146 
•o 1012 * 

b 00470 
•0.00110 

O. 

2 3141 

90 

*. ' " " 

1 049E 07 

0 00*01 

0 .99101 

1 .900S 

-92 

-• 4*2 t - 02 



OAT* POO MODAL SUBSYSTEM 2 
EBE-ICiS 19 00 T 09 SUBSYSTEM HORIIONTAL 


NUMBER OP SUOIVSTEM DIRECTION** 2 
tUOSYBTEM OIRICTI ON* * 


I 

TMtTA-l (CLOSAL 010ICT10H 41 
C00001 MATES OP REPEOtNCE POINT RELATIVE TO CIO 


COOOO 1 MATES OP POINTS ON SUE»Y*T|m (INCHES) 

LOCAL COORDINATE SYSTEM CLOOAL COORDINATE SYSTEM 



MODE 

GIHIRAl I II D 
COORDINATE 

PRSOUINC Y 

potential 

0 

HOOK ITf 1 
0 ■ PL El IDLE 


STIPPMBt* 

EENIPAL I ZED 
DAMP • N6 VALUE 


NUMBER 

RPM 

inercy 

PACTOR 

HRI6ID BODY 

WtlCHT-LB 

L ■ / 1 N 

UO-SEC >/ IN 



7 . OBOE 

03 

0 . 


• . 1 0 BE 

02 

1.140* 

04 

0.0101 

02 

2 fill 

00 


1 20 

• I 4 I ■ 
10210 . 

• . 'in 

2 0 4 4 E 

0* 1 

I 2 1 

14004 

1 004 E 

91 1 

I 22 

270* 1 

3 04 BE 

0* 1 


> 1 03 * t 

01 

7.72*1 

0* 

> 0.002* 

01 

1 .017* 

OB 

1 1*141 

03 

• BOOS 

0* 



1 2.0*08 

02 

1 . *10* 

07 

I 1 . 10*8 

02 

• . *o*c 

Ot 

► Mill 

02 

2 711* 

07 



THE MODE SHAPES POR INI* SUBSYSTEM ARE - 
(SI6NS IN TMETA-2 DIRECTION CMANCCO TO 


LOCAL GENERALIZED 

MODE COORDINATE POINT 

NUMBER NUMBER NUMSER 


CtOSAL direction 
1 4 

Y THEY*. I 


BLBEAL DIRECTION 
1 * 

Y THETA- I 


•C. 00117 
C 7*041 


■0 01007 
•O 01007 


•7.7*01 90 
•1 S18S-07 


S 2E7E ©1 
■ S 4S4E-0I 














QRIQtMAL FAGS « 

OF POOR QUALITY 


1 

If 

a 

•ttftlf 

•0 00174 

4*041 01 

•414I-07 

1 

It 

4 

*048183 

•ft Olftftt 

-7,0*1* 00 

1.731* 08 

1 

If 

t 

•t . a«ti4 

•ft .ftlftftt 

• 4 . 4431 OO 

7.4431 01 

II 

IT" 

"1 

mm — 

TTTWI 

O. 

0. 

1 

if 

a 

0. 1 3tlt 

-• ftiftft* 

•11*11 01 

3 . 30l|*07 

1 

if 

4 

004134 

•ft .ftiftft* 

0. 

0. 

1 

it 

t 

0 13413 

•4 41HI 

• a mi 00 

1.441* 01 

If 

II' 

ft 

6.9 mi 

0*00% 

•1 .07 i i-oa 

~k. ‘ ™ 

a 

it 

t 

0*4444 

-•••744 

t. st at 00 

•4.144* 01 

a 

it 

. 

a 

t itbtt 

-0ft07|4 

407010* 

•1 .014B-04 

1 


"9" 

o . i 46 io 

-666TII 

• I.46t8 61 

- 1 . IflW-oY - - ■ 

a 

1 1 

4 

t 13011 

-0 0744 

- 1 3331-01 

1 .47** 03 

a 

1 1 

f 

o totto 

•0 . 007*3 

-l.tati 00 

1 .013* 03 

a 

it 

• 

044143 

•0.00743 

0 . 

0. 

1 ' 

f’l” 

T 

mm — 

Tnm 

-1 till 61 

* . tilt -ot , - - - — 

a 

1 1 

t 

o. ttott 

-0 004*3 

0 . 

0. 

a 

1 1 

t 

0817*4 

*0 00443 

-3*041 01 

•7.78*| 01 

a 

tt 

10 

*44801 

•ft .ftftttZ 

a. tat* *oa 

-1 . 0*90*0* 

a 

ia 

1 

0.04413 

••3401 

- 1 .4031 03 

t . 010* 04 

a 

ia 

a 

•0 30431 

ft *3404 

-1 7884-04 

-•.*341-01 

a 

ia 

a 

*0. 1*717 

ft .033*4 

1 .073* 01 

•7.80SB-0* 

3 

If 

1“ 

— Timi 

olhu 

f ■ 1161 61 — 

-91191 61 

a 

i a 

t 

•0 . 00741 

•001314 

3 1371 03 

•2 till •• 

3 

.a 

t 

*0 1304O 

•0 034*4 

0 . 

0. 

a 

ta 

a 

000400 

•ft out* 

• 4 4411 00 

•1 tOt-Ot 

■ S~' 

IT 

' T 

TTTttn 

Tim 

r 

0 . 

a 

ia 

t 

0.11 483 

•0 01731 

1.0141 03 

* ■ 873* 04 

a 

13 

10 

0 42134 

•ft 03733 

* 44 1« *04 

-•.••St-04 

I 

"" II 

T 

6.66169 

*6.61111 

fill! 66 ■ 

• 9 fill 61 

4 

it 

a 

0 47417 

•0 03441 

4 . 4404 • 04 

•* *348-01 

4 

it 

a 

0.34814 

-ft 03430 

-a tan 01 

I S37I-04 

4 

1 1 

4 

047141 

o.ft04ta 

-1 70»f 04 

1 004* 04 

4 

li' 

1“ 

-01 if II 

6 '616YI 

— -ruir 66 

-II9TF61 

4 

it 

t 

•0 . 43417 

•008781 

ft. 

6 . 

4 

1 1 

7 

*0 .81443 

-ft 04744 

3 . lift 01 

1 .137* -64 

4 

if 

4 

•0.74134 

•ft *4003 

0. 

0. 

— r — 

II 

*“ 

-o . itlao 

• 0 0781 a 

9 9111 64 

7 fill || 

4 

it 

10 

0 41081 

•0.078*7 

1 . 4441-03 

• 1 . 1*7* •** 

• 

it 

1 

•0 . 040*4 

0.00448 

• 3 ■ 4408 04 

■ . 3*11 •• 

1 

"" 11 

I 

- 0 18100 

" 6 66111 

"“TTTrr^i 

-4 1111-69 

« 

it 

a 

-0 . 07313 

0 00443 

7.3138 OO 

•0.734«*Oft 

• 

it 

4 

« 37*81 

•0.011 14 

9 7311 04 

•3.001* •• 

• 

it 

t 

O • 1 • i • 

0.017*7 

•a.tstl 04 

7.404* 04 

1 

it 

I - 

-6 otlht 

0 f 0137 

6. 

O. 1 

V 

it 

a 

■0 .07441 

•00140 

7.441* OO 

•3.17*1-0* 

• 

it 

4 

-0. 1330* 

-0 00*37 

0 . 

• . 

• 

it 

t 

•0 04474 

•O 00428 

4 **** 04 

4.0*0* 01 

■ V — 

ff 

16 

“ nun 

nrwn 1 

— -1 . 4171-63 " 

-4 136% • %I 

• 

80 

1 

0.041*4 

-0.00374 

•7*7t 04 

• 1 . 474* •* 

* 

a* 

3 

0 . 10*44 

-0.004*1 

• 1 .4441-03 

1 004* *01 

1 

80 

S 

6 o*f 1 ■ 

-0.60314 

TTririr - 

-ill VI -66 

V 

80 

4 

-O 44*4* 

O . 03404 

- 1 .04*1 ft* 

- 1 444* 04 

• 

80 

t 

0 74444 

*0.04334 

7 44 tt 04 

1 ttt* 0* 

• 

80 

• 

0.03 ? 4 

0.0174* 

0 

0 . 

1 

So 

+ 

*6 oof ~9 

” 0 “5TTTO 

rmrw 

■ TIT1-H 

• 

80 

4 

*0.04 101 

-0 . 00441 

0 . 

0 . 

» 

80 

• 

•0 03*03 

•0.00434 

1 . 483E Ot 

3 014* Ot 

i 

80 

1 o 

0.01148 

•6.99191 1 

- 3 1 0 11-03 

• 3 ■ •*"•% *03 

■t 

81 

1 

•ft. 01*48 

0 . 00043 

• 1 tatf 01 

3.71*1 04 

a 

81 

3 

•0 084*4 

0 0034* 

7 7001*04 

• .0*76-03 

T 

tl 

3 

•0 . 08083 

ft. 00004 

8 0331 00 

1 . 1 1 70-03 

a 

8 1 

4 

0.484*0 

0.03*78 

• 1 . tatf ot 

3441* *1 

a 

8 1 

f 

•0 . 1*088 

•O 04041 

Mill tt 

- 1 .0*4* 04 

a 

1 - I! — 

1 

' l . TOTOT 

“ 0 044*1 

0 

0 . 

a 

81 

7 

•0 . 14301 

0 . otoio 

1 . 43 1 K 0l 

1 .374* -03 

a 

11 

f 

•ft .0444 1 

•0 . 00847 

0. 

O . 

a 

a i 

t 

•0 . 0331* 

•0 00374 

4 .113* «f 

*0*4* 01 

T 

H 

16 

“ o 6311* 

•ft 00343 

nmnr 

0 . 

• 

83 

i 

-O . 04**4 

0.00414 

34881 O* 

•7.304* 07 

• 

28 

3 

0. 48044 

•0 0441* 

-8 . 4 80* -83 

3 - 434**01 

"»' — 

83 

9 

*6 . aoJT* 

0 . 6 1 332 

X.64II “5T" 

l-lllf.gj 

• 

88 

4 

0 . 040*4 

•0 . 02413 

1 .8731 tt 

1 .040* 04 

• 

83 

i 

••83344 

0 00144 

t.att* 0 = 

- 1 .344* Of 

• 

88 

t 

ft. 10443 

0 08433 

0 . 

O . 

• 

" 19 ' 

T ’ 

*6.07*4% 

■"‘6 61111 

7 . 3044 *6 

— 1 IHf .61 ■ — 

• 

38 

t 

•0.04014 

•0.00047 

0. 

6. 

• 

88 

f 

•ft 00*44 

. ‘0.00071 

3 . 10t* tt 

*,444* Of 

• 

aa 

10 

0.03437 

•0 . 00044 

4 .4101-04 

- 1 . 1*0* *03 

• 

83 

i 

0 49111 

-0.00347 

•7.387* «• 

1 . 404* 07 

• 

aa 

3 

-0.174 It 

0 . 00401 

•Mill'll 

1 3134-01 

• 

83 

3 

ft. 07018 

•0.008*4 

‘7.0111 00 

• t . 477* *01 

1“ 

1 JJ 

- " ' 4 

-0 . 34304 

•0 . 07447 

— rvm 6i 

Timm 

• 

aa 

• 

•0 at 4 it 

0 04344 

•88441 OS 

•4 . 47*8 01 

• 

88 

f 

0 40447 

ft. 11474 

• . 

• . 

• 

aa 

7 

•0 . 33371 

0 . 13771 

3.334* 01 

7 *371-0* 

■ 

_ ... M 

• 

— ns nm — 

6 666TB 

0^ 

O . 

• 

aa 

t 

•0 03471 

•0 00110 

1 . 4441 08 

• .413* Of 

• 

aa 

10 

0 . 14384 

-0.00013 

IT'- ;*oa 

0 . 

10 

14 

1 

0 . 0031* 

- 0 . 66620 

— -1 fill 64 1 

— 1 tiw n 

10 

84 

3 

-0.00*84 

0.00047 

•7 . 3178-04 

•1 1091-01 

10 

84 

a 

0.004*0 

•0 00014 

■4 .4848-01 

* ■ 443* * 04 

10 

84 

4 

•0 01438 

• 0.01010 

7 34 tt 04 

•3.114* 0* 

10 

14 

t 

-C1III0 

0 . 06403 

— Tmnr 

• 4 Soil 6* 

10 

34 


*0 17034 

0 04144 

0 . 

O. 

10 

84 

7 

•0 . 44*44 

0.07703 

• nil 01 

•4 . t ■ • 03 

10 

84 

t 

0.4*444 

•0 03484 

o. 

• . 

10 

14 

1 

6.1a #T6 

TTnrn 

~ -1.0138 6 V 

- 1 6961 6T * ■ 

10 

84 

io 

•0 . 40141 

•0.01*17 

•37411-OS 

-3 . 41 1 ■ * 0 1 

1 1 

at 

1 

*•01434 

0 00081 

* . 7448 04 

•3.33*1 0* 

1 1 ■■ 

~ 91 ' 

.... y . 

6.61 TTI 

-6 66141 — 

1 .9191-69 

— f—rmnn 

1 1 

81 

a 

*0.03330 

0.00013 

1381* 00 

■ 1 .740* -03 

1 1 

at 

4 

*0 03144 

* 41118 

-7 708* 0* 

1 . 2831 04 

1 1 

it 

t 

0 740*1 

0.0418J 

-3.14*1 01 

4 430* 04 

1 1 

11 

»" 

6 131TI 

6 6Tioi 

0'. 

O . 1 " ' 

1 1 

at 

7 

•0.34434 

0.04741 

3.4*4* 01 

1 . 1393-01 

1 1 

8f 

• 

••34*4 

0.01304 

0 . 

0 . 

1 1 

at 

t 

•0.03c It 

0.00414 

1 347* «• 

•33411 07 

1 1 


to 

— m tti 

0 . 661 1 1 

- 9 mi -6i ’ 

• . 44ft -OS 

is 

at 

1 

0.03034 

•0 00018 

•3.443* 04 

3.0811 01 

18 

at 

a 

*0.00444 

• 00131 

- 1 344* -01 

3 . 3141 *01 

If 

' 11 ” 

a 

O - 01 4 40 

6.66666 

1 flit 66" 


13 

8f 

9 OQ * 

ft 17333 

•0 . 1 183* 

1 103* 04 

4 tilt tl 

13 

at 


•ft 47148 

•0 040*1 

• 4*1* 0| 

•1 1111 ti 

18 

81 

t 

•ft 4 1 1% a 

-0 Oft 1* 

0. 

0 . 

'll 

fl- 

Y 

Tiiin 

• 0 . 04437 

0,1X1* • 1 

i 6«ol -6> -- - — - ■ — 

18 

at 

t 

ft. 117*4 

0 04440 

0 . 

0 . 

18 

it 

t 

•ft 187*4 

0.01*13 

- 1 .443* 04 

-1 till 84 


c 



IX 

IS 

13 

17 


14 

1ft 1 

14 

1ft < 


0 7*ftA4 

0 032 ** 


>0 00103 
0 00 1 1 • 


•ICIfl-OI 
I . IMS •• 


ORIGINAL PAGE IS 

OF POOR QUALITY 


1 *0 14431 

0011** 

1 441* 

01 

- 1 0* *1 * 03 

1 04*7*4 

*#. 1113* 

1 . ft04| 

• • 

• S 701 0* 

1 0 *33*0 

•0 OTIS* 

7.1*11 

0* 

• 0*71 OS 

i mTTT 

> 0 03741 

0 04*4* 
O 0*1*4 

■ft. ' 

-I 7431 

0© 

ft' 

4 . 73 11-OS 

1 ■ 0 1 3*04 

00)711 

0 . 


O . 

1 0 . 17SS3 

0 ooos* 

*1 14*1 

ft* 

••lift! 07 

1 = ft" 11 ITI 

— -ft ftJTH — 

— nor 

TT 3 — 

• i uii ef 

1 0 03400 

>0 . 0007* 

4 Mil 

OS 

B.lSOt 0* 

1 0 01774 

0 003*4 

ft. **7t 

■03 

3 *021 *01 

i ft~ aero rwm >i ini-oi — titbtw 

1 043*1* 

>0 03307 

1 0471 

o» 

1 0711 07 

1 0.41137 

0. 10*17 

• 1 . ft 101 

0 * 

4 .4171 01 

I >001111 

•ft OHIO 

0 . 


0 . 

1 ft ft* IT* -ft ftJIH TWH 3 7 * of -ox 

7 0 1SS40 

-0 00470 

0 


O . 

I >0.1*131 

0 001*0 

>. S3SB 

0* 

• 1 *401 07 

1 0.0*401 

•0 003 * S 

1 *111 

•02 

ft .4*11-03 


CCK-tClS COM ROTO* »U«*Y»T«M YftRTICAL _ 


NUMOSA OP *U»*Y*7IM DIRECTION** 3 

•UftSYtTIM DIRECTIONS- 


t l klMMV 

THETA* V (CLOOAL DIRECTION 2) 

COORDINATES OP REFERENCE POIMT R E L AT 1 7 E TQ CLOtAl |T|T|M IIP ) 


T * 

COORD I NATES OP POINTS OR SUBSYSTEM (tRCH(S) 

POINT LOCAL COORD 1 NATO SYSTEM CLOOAL COOROINATC OYSTfM 


MOOC COORD I NATO 

NUMOSR NUMOIR 


PROOUtNCY POTS NT 1 Al 
•PM BNCRCV 


O © ■ F LC X I ■ LE 

FACTOR MRIGID 000V 


CINCNALtXIO STlPPNtSS 
WCIOMT'LO 10/tN 


DAMP 1 NO YALUE 
( LO-SSC )/IN 


11 * . 

• . SOT! 

01 

1 •*•• 

7 . •* at 

Ot 

10*13 . 

13 * 1 t 

0* 


*17*7 . 

1 11)1 

07 

• •*1* 

4 . *3*1 

07 

74*34 . 

1 . 1*1( 

07 


1 4 . ■■ZB 

1 3-04*1 

©z 

01 

9 . 
0 . 


o . 
0 . 

1 

) 1 . ft ft 7( 

02 

1 . me 

Oft 

•a . USE 

01 

> 1*4*1 

02 

*72*1 

Oft 

-4 . 3 • * E 

01 


LOCAL SENE RAL t 2(0 


"DDE 1 

NUMBER NUMOIR 

i as 


MODAL 0 ISPLACKMCNTS 
GLOBAL DIRECTION 


THITA* Y 
•0 OOTSO 


•0 . HIM 
*0. S*T7S 

*0.71*10 

-nim 

*0 . » 1*14 
-O . BOMS 


- O . 007 * C 
-O. 007*0 
* 0 OOllQ 

■nrwm 

*• ® 0 T«| 

*0 007*0 


MOOAL PORCCS 
•LOOAL DIRECTION 


T-VtfTTFT 
t n» ot 
i 1 n »} 

t ?f»t 03 

T'T*'# i JT 

i i%*t oi 
1 cost 03 


-1 7 III 0 1 
> 1 . 01*1 0 1 

- 1 1*11 0 1 
“rTnr~ 5 *“ 
* , i * ot oo 
a tin ot 
















UKJftSAL FAGS !3 

1 1ft 

11 

•0 ftftlOft 

•0 00710 

••••I O 1 7 ■ CISC 01 

OF PJOR QUALITY 

1 1ft 

•0 

* 1 ooooo 

•0 . 007S0 

1 . OOOft 01 o. 


1 0 1ft 1ft 1 

•0 .01101 

•1 71 1C 

01 

•C.4CCC Ol 

1 0 0711ft 

•0.01101 

•ft t 

01 

•4 .0311 Ol 

\ *0.11170 

•001301 

•3 . 0711 

01 

1 . 1171 03 


! 30 

10 

•0 . ftftftftft 

•0 01301 

4 1141 01 

•1.7011*01 

1 31 

1 1 

0. 0101ft 

•0 04173 

ft. 1071 01 

0. 


•0 . 17131 

0. OCllft 

3-7111 

Oft 

1.7111 07 

•0.03173 

004717 

1 . lose 

01 

1 .0171 07 

0.11111 

7*214 

1 one 

01 

• one ot 


is 

1 1 

-0 . 7371ft 

0. 01 111 

•Mill 01 

0. 

33 

11 

•0 13101 

0 07311 

ft.lftll 01 

-1.0471 01 


0 . 11113 

0.00717 

1 . 77ftC 

OS 

• t one 07 

0 . 1S710 

0 OOI 4ft 

• 1 ■ 337* 

Oft 

•1.1111 07 

0-31130 

•0-00311 

*1 . 4ISC 

Oft 

-ft 0171 01 


*0 . SOft 7 7 
*• . 00X10 
O.tlOftft 


o 11011 
•0 . 14111 
•o I'ltso 


O 01477 
O . Oftlft 1 
e . oft' M 


*0 »•«* 
-o . 1 107ft 
•o OOftft 1 


- f . ftftftl Oft 
1 . ao«l Oft 
•ft • I Oft! 01 


••Oil 01 
3 ftlftft OS 
1 . 33 1C Oft 


2 **•• 07 
1 . ftTftl Oft 
•ft IftM'ftl 


1 .cost 07 
1 .ft 111 07 


33 

11 

0 1 44 ft 7 

0 00ft 1ft 

4.2141 OS 

• 1 144ft 01 

33 

1ft 

0. 13102 

0 00114 

•1.1141 01 

•ftftftftft 01 

13 

17 

0 233*4 

0.00101 

• 1 . IftOI Oft 

•3.1311 01 


t a* 

1 34 

12 

0 14 IS 4 

v . OT4VI 

0.07113 

• (Ml « 1 
•l.ftlll Oft 

v . 

•7.03** 01 

1 34 

11 

•0 4111ft 

• 01711 

•1.0011 Oft 

4.374C 07 

1 34 

14 

•0 . 11*12 

* 0117* 

•1.134* Oft 

1 1331 07 


1 34 

IS 

0 4127ft 

r 0140J 

7-4)31 01 

•i . ion 07 

1 34 

17 

0 1347* 

« 04430 

♦3 . 73ft ft Oft 

•2.71M 07 

1 34 

Ift 

•0 . 07 ftOft 

2 02442 

■4 . ft* 7C Oft 

2017ft 07 


1 34 

30 

0 013*7 

0.0211ft 

* 1 .1311 00 

3.1131*01 

r 31 

1 1 

•0 07340 

0 Oft 7 3ft 

•7.340ft 00 

0 . 


31 

3ft 

13 

14 

•0. 413X3 
•O 12771 

•0 0333ft 

•0 0217* 

1 . Iftftft 

2 ■ ft 17ft 

Oft 

Oft 

1 . 03 >1 07 
1 011ft Ol 

SI 

31 

11 

1ft 

— Tirm — 

0 . 20ft 1 1 

■e nitl 

•0 02113 

— rmr 

1 7431 

’31 "" 

Oft 

-1.370K Oft 
•2 *121 07 

3ft 

17 

0 . 47*70 

•O . 01434 

•1 • • 7ftft 

Oft 

•t Oil 07 

r is 

1 ft 

•0.11130 

•0 . 1 ms 

ft . 7 4 2ft 

ot 

1 ft 301 Ot 

r is 

It 

0 ft 37 ft ft 

•0 024 ft 2 

3 714ft 

Oft 

1 . lots 07 

1 3ft 

30 

0 . 44 1S3 


-ft 4221 

01 

1 . >4 SI OO 


i i i 

1 12 

• v 

0 

. 1 ■ TV* 

. 4371ft 

O 1019) 

0 . 0434 t 

• 1 . ITDI 

•4 . me 

V 1 
01 

v . 

2 . 7311 

07 

1 13 

*0 

. 14011 

•0.07314 

• - 1411 

01 

3 . tvlft 

07 

1 14 

0 

. 03S2S 

-0 04111 

7 1121 

01 

1 .0371 

07 


31 

11 

0 10142 

•4 74 4 ft 2 

•4 . ft 473 OS 

ft.Lttl Oft 

31 

17 

•0 1341ft 

-0 02431 

0 1S7C OS 

1 1411 07 

31 

11 

0 . 1 1 1 ft 1 

0 . O 1 2 It 

2 . ftftftt Oft 

1.1041 01 


27 

13 

0 13740 

•0.01711 

- 1 . 411K •« 

•1.411ft 07 

37 

14 

•0. 42*47 

•0 10370 

- 1 . 400 ft 01 

•,133ft Ol 

37 

11 

•0.11077 

-0.01771 

1 . 177ft 07 

Mill 07 


37 

17 

0 13021 

•0 1321ft 

Mill Oft 

1.1111 07 

37 

II 

0.01340 

0 01323 

* 3 3ft 1 1 Oft 

1.1111 07 

37 

11 

•0 . 1017 t 

I OHIO 

1.3211 04 

Mill 01 


230 






•AT* tot JICAAt IUI»V«T«N • 


llt-ICll CAM MT» 


ORIGINAL PAGE iS 
OF POOR QUALITY 


TNCTA-t (IHMl AlAfCT | AA A) 


CitAD t MAT t A OF •A1HT* •■ AUAlTSTCH ( 1 BCnCA ) 

CACAO I AATC HATCH SLOCAi. CACAO I MATS A WATCH 



!■ 

-213 ••• 
* 11 A A 1 A 
•ISA 070 

n tjijh 

it 

•2AA AAA 

»• 

-AAA 4 AA 

*• 

-1A3 111 




001(01 1 AL 

A 



1ICA 


■ AMO INC VAiUI 

■WHAM 

AAH 

A ■( AS V 

P AC T AA 

1 * A 1 A 1 D AAD V 

wee i Amt 

-to 

tl/il 

1 1 A • ACC 1 / !■ 



ISA ■ 

A 

*071 

Ol 

1 A* AA . 

7 

IASI 

OA 

It All 

2 

3A1C 

AA 


■ 

1 1 A4AC 

HZ 

A2 

■ - 
A ■ 


© . 

o. 


) 1 AATC 

• 3 

1 . • tic 

AA 

-1 ASAC 

At 

> 1.AAAC 

• 2 

• 7111 

OA 

•i mi 

• 1 


l 41 

A 1 TAT 

i rn at 


1 44 

• MIA 

4 A1AC 07 


1 At 

74A14 

1 till 07 

- j 


3 1A4C 

AS 

1 4141 

• 7 

- 1 2A2C 

01 

7 1431 

A2 

A A77C 

07 

-37441 

01 

1 4A3C 

• 1 

1 . SAAI 

•7 

-A A37C 

ot 



0 SA2C2 
• I«1M 
D AATTA 


A oo: to 

A . 90110 


-4 4011 Ol 
*1,71 AC At 


■Mill AS 
-7.1AM A3 
-A A 1 71 02 


1 -O 7*42* 

O .00741 

1 . 04 AC OA 

-1 

- 1 7AC 

03 

t -A . A 1 1 1 4 

A . 00741 

• .HOC oo 

* 1 

1 Atl 

AS ... . 


1 it 

•O . 04 10A 

O 007 AO 

t . A4AC 01 

-7. CAM 02 

1 10 

- 1 . ooooo 

A . AA7AA 

1 . OOOC 02 

A . 

1 1 1 

o A 3427 

O 02244 

• 3431 Ol 

A . 

l 12 

A . 7A IA1 

A . 02211 

4.4A1C Ol 

4 7 111 03 

1 13 

O A A 73 A 

A 02 21 A 

1 CISC Ol 

7. AAAI 02 


1 1C 

A 3 1 4 2 A 

A 02301 

• 1 1 A AC At 

7 . A70C 

02 

1 It 

0 . 1 A 10 1 

A . Ollol 

•1 fisc Ol 

A 41 AC 

02 

1 17 

A 07124 

0 . 02301 

*3 me oi 

4 0311 

02 


1« 

-O 317*7 

A 01301 

4 SOAC Ol 

-3 

AA3C 

03 

20 

-A 4AA4A 

0 03301 

4.00*1 Ol 

A 

7021 

•OA 


1 12 

O 13011 


-A. 14*1 

CA 

- 2 . 3A3C 

• • 1 

► 13 

A . 01040 

0.03117 

•A. MAC 

OC 

•1 . 23A1 

• A j 

> 14 

*© . 1 AA 10 

0 . 024 0 A 

-A 2 A AC 

OA 

-1 . 2 2 AC 

*7 



t 0 43*02 

A . 01 AAA 

1 . *731 

AA 

- 1 7*21 

©7 

1 -O . A 7 332 

-0 OOACt 

1.7111 

OA 

-1 .7111 

07 

l -A. 02*73 

•O 047*7 

• AOAC 

OA 

-1 047C 

07 


i • uni 

-0.0*22* 

•A. AAAI Ol 

1 . AAAC-OI 

1 -0.737*1 


-7.37*1 Ol 

A . 


1 A 30*31 

02AC4 

4 4001 

OA 

1 . A 2 AC 

07 

> A.3AA13 

•4 0727 

1 . 77*1 

OA 

2 . OAAC 

07 

1 A 3 I 7 AO 

. 00 1 4 1 

- 1 . 3371 

O* 

1.1*11 

07 



l 42 

14 

A . OS A A 1 

-0 OC* A 4 

1 . 474C Ol 

•A lilt 

OA 

l 42 

1* 

0. 14417 

*0 . AO1 1 1 

A . 2 1 AC OA 

1 *441 

OA 

t 42 

11 

O. 33142 


- A . A 1 41 OA 

A ACM 

OA 


> -A 01741 

-0 013* 1 

* 1 . lilt 

OA 

- 1 1411 07 

1 -A 03022 

-O 011*1 

1.3*11 

04 

-A. AAAI O* 

1 0 1 1411 

- 0 .01707 

• 1 147* 

Ol 

0 . 


1 43 

1 1 

0 . 4 4 A 4 A 

•A . 07211 

4 . 414C 

01 

0. 


1 43 

13 

0 *43*4 

-0 07113 

• A . A 1 2( 

OA 

7 .0311 

OA 

I 43 

13 

•0.4*11* 

-O . 02711 

•A . OOIC 

o* 

-4 SIM 

07 


1 43 

1* 

•0 377*0 

-0 . OAOOO 

3.3701 01 

-3 *0*1 07 

1 <3 

1* 

A 4*271 

•A.OA403 

7. 4131 OA 

t . 1 OAC 07 

1 43 

17 

0. A2471 

•A. 04*30 

*2.7311 01 

2.7*41 07 


•A . 13A71 

• . 01217 


o Mil i 
•A 41222 
-O 12773 


* A . 024 A A 
•A Atilt 


•O 01112 
0 All 3 I 


-1 lilt AA 
-A. 2311 AO 

IT 

- 1 . lift At 

1 . 3 A AC AA 

2 A 171 A 


•1 2 All AA 

-1. 1 1 31 * A 1 


1 ?*7» 07 

- 1 A3 AC 07 

- 1 AAAI AA 


















-o 111)1 

• uni 

• • 4 >n 


• HIM 
001 * 1 ) 
0 . 01*41 


•VIII •• 
1 till *1 


-1 *Ht H 
* 1 too* Of 


ORiviiNAL 

OF POOR QUALITY 


4* 

t 1 

-O 1*70* 

-0 10*00 

- 1 . *701 *1 

o 

AS 

12 

O 427*0 

-0 043*1 

-• 1 001 o* 

* 73*1 07 

A* 

13 

•O *40*0 

0.07300 

S •• AC OO 

•I IOH 07 


• 1*400 

• 1 0041 
-o 11410 


• 0 * 1*0 
• 00*01 


• tita oo 
-a **ti oo 
« l)f| o* 


1 00*1 O '* 

• mi o * 

- I •••■ OT 



» . ■■■IT 

0 2*027 

Mill 

0*7*0* 

- • 

* •*•■ 

v . 
o* 

* . 

A. *332 

0* 


O *27*0 

O OA 700 

- 1 «*•• 

oo 

14«0« 

07 

| - 

O- «2**7 

O 10370 

- 1 4000 

o* 

-• S33K 

O* 


PAT A FOB MOOAC SUBSTSTfM 

7 



»CBT|£Ak 


■umpsa or SUOSTSTBH PIBICTIONS* 2 

7 l CLBBAl DiBlCTI ON 1) 
TMCTA-T ( GLOBAL DtACCTIOM 2) 


1 IN 1 

« * * V* 0 . 

!• ». 

cues) 


too lot 
171 OS* 


317.00* 
* 11*10 
31* 1 OS 


•337 SIS 
-2*0 SIS 

• 3SS SSS 


370. 33S 
270. STS 
172 1 SB 


• 201 . 0*0 
•s**.«7* 


1 * 0*0 1 
177 OS* 


-217.00* 
- 331 . 01 * 
• 32 * 10 * 


-337. *1* 
-**© OtS 
-3**. SSS 


•27012* 
-27* S7S 
-172. IS* 


• 201 . 0*0 
-20* .47* 


LOCAL CKNCKALIXBD 


snimim 




inji m ii i 


1*1 ACT F OCT** 1 * A I C I 0 SPOT 


1 . B2»K OS 
A.2SS3 OS 
1 SI IS OS 


A.1BTI OS 
1 . )70« OS 
2.2SSC OS 


3 10*2 07 

1 MSI 07 
3 1 111 07 


i i nil 

O ***•« 

02 

w. 

*.*••• 

OS 

0 . 

A . *720 01 

o A . not 

01 

• SIOK 

0* 

• . 34 21 OI 

O *.*11C 

02 

3 1*11 

OB 

1 . 70SB 02 

« rrmrw mu »i mu « 

O I. 0*11 

03 

• 71*3 

00 

2.2*13 0* 

0 2 soil 

02 

2 740S 

0* 

•2110 OI 

0 2*101 

02 

4 mi 

oo 

1 3*11 02 

v MW oi rror-gi i.nu m • i 

1 *201 

02 

3 *S3« 

Of 

■ . 1323 01 

1 01*1 

02 

A. *071 

00 

1 .***« 01 

S. 2*11 

02 

1 . * tot 

07 

3 lift 02 

rmr 

“M — 

mu 

"SI 

— rmi is 

1 40*1 

02 

• 2131 

07 

1.0033 OS 

B 4J0| 

03 

a . st 1 1 

07 

4.24*1 02 

1 . 00*1 

03 

* 2331 

07 

•4*33 02 


inn 

03 

1 *7*« *7 

1 . foot 

03 

3.0441 

02 

* SOAt 07 

3.0203 

02 


























L 

\ 


I 

y 

i 


L 


t. 

k 


b 



i' 

i; 

* 

i 

i 

i 



1 1 


44044 

4 4141 

04 

1* 

4 

1 4411 Of 

* 4418 

44 

1 4*18 42 





» 

•a 

44143 

2 04 It 

• 7 

1* 

• 

3 4*39 03 

4 1448 

47 

4 442* 42 





IS 


HIM 

1 717t 

04 

14 

• 

Mill 03 

3 *348 

44 

1 472* 43 





11 

"70 

mu 

nrrr 

TT" 

B^^B. MB 

B BBSBBs 

T im »5 

nor 

• T 

1 ftllf ftl 





s» 

»» 

74401 

4 . 117| 

07 



1 07 

1 1448 

44 

1 ©4*« 43 





n 

73 

7443« 

2 1471 

07 



\ t *2 

4 1148 

07 

3 4 44 1 43 





n 

73 

74 444 

3 1 441 

04 



•*•■ 03 

4 3*48 

4* 

3 4438 43 





SKNMB 
Tut Ml 


MOBS • 17 

TM 14 4044 

t % TIM 441 















"00*1 01 4414C4MOT4 

■*0041 









10C41 



CLOlii 

0 

44 C 7 1 44 

CL44AL 

9 1 08 CT 1*0 








MDI 

C»8*Bl*4T« 

04147 

1 


3 

1 

2 








— nmm 

IlMH 

IUM(I 

1 


TUITft - 9 

5 

rvtrr 

T 







i 

t 

*7 

47 

11 

11 

O 41241 
0 42013 


-0 0044* 

* 4 14 IB 43 
- 1 774* 03 

4 4**8 
• 4008 

44 

43 



r 




T 

n 

1 11 

O 44344 


-0 oo*4o 

1 Sill ft! 

— 1 i«sr 

ftl 


OF POOR 





i 

i 

47 

47 

>4 

14 

O 47144 
O 41003 


-0 00470 
-• 00**4 

1 3344 44 
1 1 74* *4 

4 407( 
O 1*28 

4* 

O* 


Q 

UALITY 



i 

47 

14 

O 37444 


•0 00447 

- 1 4424 03 

« 0448 

42 






i 

H 

17 

4 32130 


*0 MIV7 

THU ft! 

— r wi 

ft! 







i 

47 

14 

O 24244 


-0 0044* 

3 4748 42 

I 771* 

43 







i 

47 

14 

o 14373 


-O 00*4* 

* *474 43 

1 4188 

4* 







i 

47 

30 

O *4402 


-# 00*47 

* 4 4 7* 43 

1 0348 

•4 







— i 

47 

~J\ " 

1 ft V7TV9 


TWR1 

7 4441 03 

! .11 II 

ftl 







i 

47 

31 

O 02424 


•O 00*34 

7 **•« 43 

7 4708 

44 







* 

47 

33 

-• 04171 


•0 00*33 

7 4448 *3 

1 7718 

44 







• 

47 

3* 

O 44734 


-0 00444 

4 

• . 









47 

31 

i nrrr 


- ft fto* 1 1 

ft 

f ' — 








i 

47 

34 

O. 41040 


•* 00*4* 

•1 3*48-44 

4 *748 

•44 







i 

47 

37 

O 03014 


•0 00434 

4 

• . 








i 

n 

"TV 

O 14244 


-0 00143 

-« 4318 03 

— mrr 

•1 







a 

44 

aa 

O 04134 


-• 00**3 

-4 tact 02 

1 *448 

44 







a 

44 

13 

-O 20410 


-O 00*37 

1 *1*8 43 

11014 

44 







i 

44 

1« 

-4 14334 


-O 00*13 

3 I71t 03 

1 . >4*8 

44 







z 

44 

" ’ II ■" 

- 0 3314* 


-i 607*7 

ft 1151 ft! 

mn 

ftl 







i 

44 

14 

-O 37240 


-0 007*7 

« 70*8 #1 

* 4448 

41 







a 

44 

17 

-O 42100 


-O 007*7 

1 3*08 43 

-4 30*8 

03 







a 

44 

14 

•O 44744 


-0 007*3 

-2 42 1 t 03 

•3 *408 

44 







S 

4ft 

SI 

-ft TITO 


-0 00714 

5 it aft 0* 

1 mi 

ir 







a 

44 

30 

-O 471*3 


-0 0071* 

3 *471 04 

4 4148 

4* 







a 

44 

31 

•O 41044 


-0 00*41 

344*8 04 

* 4708 

4* 







a 

44 

31 

•O 11111 


-O 00**0 

« 4311 04 

4 7498 

4* 







M I^B 


IS 

"-ft irnr 


-0 0042* 

— rnu 6i 

I im 

fti 









14 

O 04470 


-O OO*** 

4 

4 . 










14 

-O 0444$ 


-« 00*4* 

4 . 

4 










14 

•O 14041 


O 00**7 

4 4448-04 

-4 4338 

-44 







j 

n 

57 

-O 44172 


* O . O0B30 

0 

ft 








a 

44 

li 

0 3 1444 


•O 01041 

•4 3748 44 

3 . 4328 

4* 







a 

44 

11 

O 00942 


-0 001*4 

•1 3 1 3C 03 

1 24*8 

4* 








ir 

"15 " 

- O 14440 


-0 ftftill 

r 7**i 0* 

f <111 

•9 







3 

44 

14 

- O 17242 


•0 00113 

1 1408 04 

t 3428 

47 







3 

44 

14 

-O 1*744 


O 0304* 

1 1*78 04 

1 2*38 

47 







3 

4* 

14 

-O 1*443 


O 00341 

3 3301 03 

-4 3078 

43 







" 5 

41 

57 

-0 14331 


O 0034 1 

1 *5*1 45 

-1 TTTI 

ftl 







3 

44 

14 

-O 11473 


0 00404 

-4 44 1 t 03 

•2-4*18 

04 







3 

44 

14 

• O 01431 


O 00444 

1 *148 04 

4 4018 

4* 







BBH^ MB 

4 1 

" ‘ SI ™ ‘ 

e oilii 


O 007*0 

1 4131 0* 

— rw 

ftl 








44 

11 

0 . 13434 


O 0047* 

1 4118 04 

3 *248 

4* 







8 

44 

12 

O 34314 


001137 

1.2*18 04 

2 . 8*28 

4* 








44 

33 

0 17444 


O 0114* 

* 4408 0* 

1 *208 

4* 







■„vt 

44 

34 

O 03444 


-O 004*4 

O 

4 . 









44 

34 

*0 043 14 


•0 004*3 

0 

O . 









44 

34 

-O 1244* 


•O 004*1 

>4 3248 • 04 

3 4418 

-43 







3 

41 

17 

O 330*4 


0 01211 

O . 

O 








• 

44 

li 

0 03444 



-4 2228 04 

4 242V 

4* 







4 

40 

12 

-O 1*4*1 


0 0040* 

41018 04 

*4 4*78 

4* 







1 

IV 

95 

mnr 


ft 00413 

— rim ex 

mnr 

ftl 







« 

40 

14 

O 14374 


O 004*4 

7 4*4| 0* 

* 4848 

4* 







« 

40 

24 

O 22314 


0 00443 

7 407t 04 

•3*718 

49 







« 

40 

24 

O 302*4 


0 00304 

• 1 37*8 04 

a . aa*c 

43 







« 

1* 

11 

0 37* 14 


O 002 1 1 

l SSI! 61 

ran 

ftl 







• 

4C 

24 

O 3**71 


O 00307 

4 4148 04 

7 .41*8 

44 







• 

40 

It 

O 3*3*0 


-0 00233 

1.1148 04 

- 1 . *848 

47 







• 

40 

20 

0 37*41 


-O 00344 

1 4448 04 

•2 4718 

47 







4 

BO 

51 

O 2 7 4 2 i 


-0 ooftlt 

-5 mnr 

-'1 "5711 

ft! 







• 

40 

31 

O 0*242 


-O 01341 

•» 7778 04 

- 1 .4048 

47 







* 

40 

31 

-• 10444 


-•01417 

-1 7478 04 

•4 3438 

44 







• 

40 

34 

-O 1*444 


0 00444 

0 

4 . 








« 

10 

11 

-4 0**44 


0 ftftio* 

s . 

O . 








• 

40 

?t 

- O 04401 


O . 00*04 

4 4718*03 

M 

m 

• 

m 

*02 







4 

40 

37 

-O 10413 


•O 01407 

O . 

4 . 








■H M 


51 1 

- ft 1 m 1 


-0 001 SI 

1 iftftf ft! 

rrm 

ftl 









22 

0 02*02 


-0 00041 

• l 4188 04 

1 2948 

04 









33 

O 0*404 


•O 00140 

* 4371 04 

-7 3448 

0* 







mi 

bb^h 

24 

O 10434 


-O 0037 t 

4 107* 04 

• 1 40*8 

07 







n^^BBBi 


51 

5 1 ft 134 


- 0 ft044 A 

*1 7041 04 

- 1 4708 

0* 



' 




t 

4 1 

34 

0 14340 


-O 01210 

• 1 904 1 0* 

1 .44*8 

0* 







* 

4 1 

27 

e 01110 


-001 202 

-3 1 43t O* 

1 4*38 

4* 







• 

4 1 

14 

©C# 127 


-O 01424 

-2 9701 0* 

•7.21*8 

44 







I 

11 

'll 

•O 04 * 5 4 


- 0 oft 1 15 

T 7 1 If bt 

TTUT 

4* 







• 

4 1 

20 

•O . 17400 


-O 0344* 

7 . 44 It 04 

•3 . *97* 

07 







• 

41 

It 

•0 14204 


- O OI43T 

1 1431 04 

2 3748 

47 







• 

41 

32 

O 0*73* 


•0 00741 

1 2441 04 

1 4048 

07 






5 

■ ■ c 

1 < 

55 

0“ 30 1 1 1 


-ft V5TTI 

v 1 iniT 

— r am 

ftl 






c 

• 

41 

34 

0 03113 


-0 00042 

0 

0 







> 

• 

4 1 

34 

e 011*7 


-• 0004* 

0 

• . 







r 

• 

4 1 

34 

0 OO* * 4 


•O 00044 

•4 2431-04 

-4 . 4428 

•03 






S 

• 

4 

ft ! 

17 

oi 9 i 5 1 


-0 00111 

O . 

O 







H 

S 

41 

31 

O *44*0 


0 00134 

• 1 24*1 04 

3 4448 

Of 






a 

• 

41 

12 

-O 7440* 


O 017*1 

* 7*11 04 

-4.4148 

04 






X 


IT 

55 

'-6 


ft 017*7 

*4 1211 04 

-mu 

4 i 






tf 

• 

41 

24 

-004124 


0 00417 

-4 **«t 0* 

-2 3148 

47 






■ 

• 

41 

24 

-0 024*3 


0 00147 

-« 4*28 04 

- 2 0478 

07 







• 

47 

14 

- O 01344 


0 00141 

1 *4*1 03 

- 1 4741 

04 







B 

13 

57 

-0 IbTftT 


8 60 f 4 ft 

mu 07 

TTTiT 

oft 







• 

41 

24 

- 0 01 419 


0 0004 1 

•7 *148 03 

-4 1448 

04 







• 

41 

24 

*01 1343 


•0 00117 

-3 2211 04 

•4 *428 

04 








41 

30 

- 0 1*04 1 


• 0 00004 

•2 *171 04 

-7 3108 

04 












1 BZ ‘X- V W -^B 

—h 1 mi 

I"! I'll 

ftl 





■' ' 


a 



- 0 074 39 


0 00040 

2 *07t 04 

7 cast 

04 




233 






0 00401 


0 00214 

3 3741 04 

4 ottt 

49 






BUB 

BpUBffi 

nv 




0 

0 








■BIB 

IB^^H t'BBB 

IH 1 BB 



6 0334ft 

6" 

0 






- ^ * 





• 0.10413 


0 0334C 

4 74*5 - © 2 

- 1 1 

-01 







Hi 

41 

i' 

0 20« 1 C 


« 00277 

e 

0 . 






j 

1 


7 

ii 

1 1 

• l 


HJIIll 1 ^B 

5 *S * t it 

rorr 

ft* - 







7 

43 

33 

-O 17437 


0 02007 

1 42 It 0* 

• 7 1C 31 

04 







7 

43 

13 

0.447 1* 


0 01244 

-1 lift 04 

•« 1 7 1 1 

07 





I 












• 47344 
o 4111] 

• 3111* 


• 34444 

•t 1U1I 


1 

■ 

■ 


f OMIT 
P 00)74 


• 00144 

• Mill 
•. 00410 


-1 mi •■ 
-1 (Oil •• 
•’ HU 04 


> 1MI M 
•Mill •• 
*2 4444 04 


* X - 4494 •! 

•t.ma •! 

« IMI 41 


>4|4| M 
Mill 4T 
4 1)11 *T 


ORIGINAL PAGE IS 
OF POOR QUALITY 


49 

33 

•O 34444 

O 01*04 

-4 7744 04 

>7111 07 

• 3 

33 

*0 30144 

• 01744 

4 4474 04 

nil! 07 

• 3 

34 

-O 43)43 

• 04144 

• 

o. 

43 

43 

“ n 

94 

mvn = 

0 43404 

* 8 iwn 

• 070*1 

*» 1344-03 

• -- 

• 4004*03 

43 

37 

•O 23*04 

• 03143 

• . 

0. 


> 44 

23 

*0. 

01272 

O 00044 

1.4141 

•4 

•4 . 1474 

•4 

t 44 

33 

• 

• 1444 

-0 00041 

9. till 

•1 

*• 4944 

•4 

44 

*4 

• 

• 1340 

-o ©cut 

- 1 7004 

•4 

-4.4904 

•9 


t 94 

-0 OOlll 

-0 00347 

4 0224 03 

• 9344 04 

l 17 

* O 03404 

• mu: 

• 9474 09 

‘44*4 04 

1 94 

-0 01944 

-O 00432 

• 1 3314 04 

• 1.7944 04 



*• 4III0 
• 0434 1 
O 93434 


-•04404 
• 0<4O4 
-* 0441 I 


•« omi 
13447 


•4 14443 
*4 14000 

7147 


-• 44103 
•4 01444 

• 1 1317 


• 10034 
O 04414 

•O 3131» 


v i • Jwm 
• 44404 
•34444 


• 00143 

• 01073 


O 00347 

• 00443 


3 ■ 4474 04 
7 0444 04 
3 4474 04 


*4.4314 04 
3 4444 07 
« 4344 07 


•O 00434 
-• 00334 


-O 01443 
••••14 


-O 

-O 0 1434 
• 01443 


U BtVll 

O 04040 
*• 03047 


* -9344 04 
*3.4044 •« 


-T .3344 04 
-4 4444 04 
I 9034 04 


-1.1134 04 
3 3301 •• 
3 3744 •• 


4 4434 04 
1 0044 04 


•I 111! 04 
*1.9444 04 
-7.7044 04 


-I 3434 07 
*7.4444 04 
*1 4734 07 


-9.4444 07 
*3 0444 07 




O. 40400 
O 13*49 
O 10700 


•00434 
• 0317 "• 


O oil i 

O 30 1 - 
O . 044 t 
♦O 17444 
• . lOfci i 


0.97414 
0.04134 
_ . 17040 


0.33444 
• 14434 
-0.07434 


• . 10407 
0.01444 


-O. 13444 
-• 04474 
-O 34474 


• 00103 
0 34*40 


O 14730 
O 13370 
0.04413 


O 01401 
*• 30034 
‘0.30340 


O 1**44 
O 33340 
•O 14444 


■« VMIO 

-O 34333 
0.40074 


0.0*440 
•O 0)4)3 
-0 34414 


-0.74144 
*0 41447 
-O 14741 


0 34474 
• 14)44 
-0 04374 


•O 43413 
O 14047 
-O 44404 


O 34C17 
O . 43444 


•01197 
O . 00404 
•O 00004 


' w 00344 
-O 00403 
7 OJ444 
73443 

04 '4 


O 00113 
O 00117 
-0.00044 


-0.00743 
-O 00714 
-O 0X407 


-0.00133 

0.00043 


0.00041 
-O 03147 
-O 0314) 


-0.000)4 
O 00413 


O 001)4 
-O 00044 
-0.00344 


-0.00017 
-O 00004 
O 00143 


*0 00404 
-0.01 144 
O 00404 


* w . 

-• 04477 
-O 033X7 


O 00474 
O 00333 
O 00133 


O 01444 
O 01347 
O 03144 


-O 00044 
-0.00343 
O 00310 


0.03141 
-O 04343 
♦0 04344 


O 00344 
O 04441 


1 4 IOC 04 
-4.3044 09 
*7.3404 04 


1 04*4 03 
I 9434 04 
•4.4114 09 


•4044 04 
3.4334 09 


* 1 0434 04 
I , 444 04 
4.9434 04 


*1 .3144 09 
*3-1134 04 
- 1 .4474 •• 


*3.4744 04 

- 1 3434 04 

- 1 . 1474 04 


-34414 04 
-1 1444 04 


-3. 1044 04 
*41014 04 
*4.0444 04 


1 . 4704 04 
*4 3134 04 
-4.4444 04 


1 7744 04 
4.2434 04 


• l 4444 01 
-4 3404 04 
*3 4444 04 


4 4414 04 
1 4704 04 
•4074 04 


3 0334 04 
*1 4744 04 
-3.0344 04 


-4 0334 04 
-4 4074 04 


-1.3774 07 
*3.4334 07 
•S till 07 


1 3311 04 
3.0904 


9.4444 •• 
-4 7*04 Of 


4474 04 
4144 04 
•044 07 


4434 04 
3434 04 
374* 07 


I 4744 07 
3.3434 07 
3 3444 07 


4.3444 04 
*1.3441 04 


4434 07 
3114 07 
4114 04 


7444 44 
4444 07 
• 144 07 


3344 07 
4344 07 


0044 07 
4344 07 
1744 04 


4444 Of 
3434 04 
•074 07 


1444 07 
•lit 07 
3741 07 


•314 04 
3034 07 


14 

40 

94 

« 11434 

001)14 

•49731 •• 

-•••©■ 07 

1 4 

• O 

34 

-O 13431 

O 00444 

-4.3444 04 

-3 4444 07 










o mu 
• 010*1 
0017*4 


• MU •• 
1 loll Ol 
-I «Ot 01 


• i nti ii 

• I 0100 07 
l MU M 


ORfGfWAL PACZ 


• V 

1 *© 

a* 

1* 

- o OIIJl 
0 Ol 1 01 

O VBJ'I 
O 00010 

* 

tun 

o* 

9* 

-a u'i « - 

>4 0I1C 07 



v-oALITY 

•o 

SI 

0 11001 

-O 000*1 

• Mil 

04 

! ***»« 01 




i to 

11 

0 07101 

-O 00003 

•1 049C 

01 

t . lilt 07 





> 1* 

e 01111 

-0 .04411 

0 . 

0 - 

10 

•0 41001 

« 07021 

0 . 

0 . 

10 

e oils* 

O 07*2* 

1 1111*01 

7 0001-01 


* n 

l 21 

- V Mill 

-0 000*3 

- O 01017 

« . 

1**10 

01 

o 

0 

00*1 

07 

1 22 

0 17*17 

0.01701 

* 1 lilt 

O* 

* 2 

01*0 

07 


1 01 

24 

O 10240 

O 00274 

- 1 *111 0* 

* 2 7000 07 

1 01 

20 

-0 . 00*4 1 

O OOOO 1 

•2 . HI* *• 

•1 0010 07 

1 01 

2* 

-0 20*04 

O 00291 

2.1020 00 

-4*2*0 0* 



l 2* 

•0 1**37 

0 

0O« * * 

•7. 1*20 

04 

0 7040 

O0 

l 1* 

-0 0*104 

0 

00004 

1 . 1770 

0* 

-0 0700 

0* 

l lO 

0 01442 

- o 

00042 

1 1700 

O* 

- 1 . 4000 

07 


l 21 

0 0*171 

0 OOO 1* 

-• «a«i o» 

2 1200 

0* 

i 13 

-0 . 0*11 1 

O 0001 1 

•* *210 O* 

* 0070 

0* 

1 14 

O 14400 

* O 024 1* 

0 . 

0 . 



-0 OM1 1 
•0 0*17* 


e . «3IM 
O 10121 


10 

02 

22 

0 0*321 

O 00*7* 

-0 . 1**0 

00 

- 1 . 0*20 

07 

1* 

*2 

11 

-0 24440 

0 000 0ft 

*4 . 72*0 

0* 

1 . 73*0 

07 

10 

*2 

24 

•0 421*0 

0 O 1 *40 

-2 0210 

9* 

4 34*0 

07 



t 2* 

-o 2*10* 

O 01*7* 

0 0«*C 

0* 

•4 22*0 

0* 

r 27 

-0 10*34 

0 01341 

1 10*1 

0* 

• 1 *040 

07 

r 20 

0 0*747 

O 01 132 

-• 0070 

00 

-2. 1130 

07 


■ 

1 

1 

1 

■ 


• 2 

20 

0 2**30 

000* If 

-0.0110 Oft 

-4 *020 07 

1 *2 

31 

-O OSft* 3 

•0.01101 

•0.0010 o* 

4 0100 00 

1 02 

32 

-0 7073# 

- O 00*00 

120*0 0* 

3.3709 07 


02 

24 

O 142** 

0 0043* 

0. 

0 . 

02 

30 

0. 10714 

•0 00030 

0. 

0 . 

• 2 

10 

0 07423 

- O 00*2* 

4 4310-00 

10100-02 


1 0Z 

1 03 

a * 
21 

o 2** i a 
‘0 0037* 

't.VIIX 

-0. 001 13 

V . 

1 0*20 9* 

m . 

2 1040 07 

r ti 

22 

e loo** 

0 O 1 0 ft* 

-20730 00 

•4.0*00 07 


1 *3 

3* 

•0 0*%« 1 

9 927*3 

-* 7020 0ft 

0 13*0 07 

r il 

20 

•0 41200 

O 03137 

I 3240 0* 

3 2120 07 

> 02 

20 

-0 0*72 1 

0 0373* 

1 0770 90 

-4.3000 0* 


* 03 

2* 

0 41*4* 

O 00*37 

7.02*0 0* 

-3.1010 07 

f *3 

10 

0 01000 

0 00*2* 

•« 1330 O* 

•4.20*0 07 

t 03 

30 

-0 20727 

O . 90*0* 

-3. *010 0* 

•2 01*0 07 


• 03 

33 

0 . 0**40 

0 010*0 

•20000 90 

-• 0240 

07 

1 *3 

33 

-0 MOM 

-9 0013* 

-7 20*0 0* 

•1 1**9 

07 _ _ 


17 

■ a 

*3 

a • 
30 

« ««•]« 

0 ***** 

U BitJI 
-0.022*2 

v . 

O . 

v . 

O . 

17 

• 2 

3* 

O 3144* 

•O 02331 

t .0*20-02 

3 10*0-01 

17 

• 3 

17 

-0 00*2* 

* OOS 13 

O 

0 . 

1* 

• 4 

21 

•0 O* 1 2 I 

•O 00077 

1.0200 00 

1 0109 07 

1* 

• • 

32 

0 1432* 

0 Ol 107 

•1 770* 9* 

•Mill 07 


1* 

04 

2* 


•O .00**4 

I IMI 04 

-• 9290 07 

1 * 

04 

20 

0 . 0002* 

•0 02i*2 

1 . 1 140 *• 

•*3200 07 

1* 

0* 

20 

O 0ft 1 14 

*« 0*02* 

- 1 7070 O* 

* *179 OC 


1* 

• 4 

2* 

-O. 3*40* 

-0 .01027 

• 1 20*0 

O* 

3 

3*00 

07 

1* 

• 4 

20 

-• . 4**7 1 

•0 020*7 

7 . 1270 

o* 

7 

9040 

07 

1* 

*4 

20 

-0.01177 

•O 010*4 

• 1070 

o* 

t 

2340 

07 


1* 

04 

32 

■nun 


0.70*1 Ot 

3.4170 07 

1* 

• 4 

33 

0. 20243 


*0000 90 

3.3900 97 

1* 

04 

34 

0 422** 

0 03303 

O. 

0 . 

1C 

1* 

u 

• 4 

ir 

30 

5TTTT7 
0. >0*22 

- 0 02 * 7 » 
-O 02444 

0 . 

-7 0900-03 

9. 

-1 3300-91 

10 

• 4 

37 


0.00400 

0. 

O . 


1 23 

0 001*4 

0*01 14 

7.3700 

04 

•0 2010 

O* | 

l 23 

-0Ot*23 

O 0900* 

- 1 .0301 

Of 

-4 . 0200 

*• 

i 24 

•0 137*0 


•2 02*0 

O* 

* 0000 

Ol 


1 20 

-O Oil** 

O 000*2 

1 0**0 

0* 

-3 7300 

o* 

i 27 

-0 070** 

0 00031 

4 0200 

Oft 

-2 0700 

0* 

i 2* 

0 2*00* 

-0 OOO* 1 

2 7000 

Oft 

•1.0110 

07 


■ 

■ 


1 ft* 

20 

- 0 . 0 * 02 * 

•ft 001*3 

2 0010 

00 

ft 

. *340 

00 

1 • • 

31 

-o 0207 * 

-O 010*4 

1 0**0 

00 

•7 

.0000 

07 

1 ft* 

33 

•O 07 * 4 * 

• O . 07301 

2 3110 

o* 

•I 

3000 

07 


1 ft* 

34 

-0 01032 

-O OOIM 

o 

O. 

• • 

10 

-0 034*4 

•00124 

o . 

o . 

1 •• 

30 

-001*1* 

0 OOt 23 

•2 . *3*1-03 

• . 70*0-03 


i * 
20 

• • 

21 

- W 79*11 
•0 000B3 

P O 1 

• O 00007 

P . 

3.0109 03 

P . 

3 ***« •• 

20 

f * 

23 

0 013*7 

0 003*1 

-T 4021 OS 

- 1 3*11 07 


20 

•• 

2* 

-0 

11110 

- 0 00*4* 

* 2 *140 04 

-2 1OO0 07 

10 

•ft 

20 

-0 

1331* 

•0 004*7 

1 0110 0* 

•1 IKI 07 

10 

• • 

3* 

-0 

1 *t*7 

-O Ol *20 

3 0710 O* 

2 0*40 Oft 



O 27t«* 

•O 00*12 

S 00*0 

00 

•1 7*70 

• 1 

O 23307 

- 0 O 1 *•• 

4 *3*0 

0* 

* 40*0 

07 

0 02*40 

-O 00*47 

• . 1070 

0* 

2 *120 

• 7 



20 


a* 

3* 

•o poBie 
-O 002*2 

P 00034 
0 00024 

P 

1 31*0 -03 

p . 

- 1 . **40-02 


20 

• 1 

17 

0.02*41 

-0 012** 

O . 

0 . 

235 


c ec«i» 

0 00244 

1 

’7 10 

0* 

♦ t 

• 420 

07 

< 7 m 

O ftU) 

- * 

*37» 

0* 

3 

4120 

0* 

0 3-t»3 

0 OOt Z 7 

2 

4 * 7 f 

0* 

2 

7000 

07 


5* ' rs 


"5 TIT 

o* 


Hit 

T¥ 

0 *22** 

o o :* p* 

• a 

*. at 

0* 

7 

MU 

• * 

0 f*70ft 

• 0 0 ; 7 ’ 1 

-• 

: •» 

0* 

3 

MU 

07 





-• i tea i 

-Q 01*73 


•• Nin 

-• Mill 
•0001*7 


•1 ttl> «l 
1 •lit •! 
till! 04 


a **•* ii 

7 ■ fin •• 
1 4004 M 


ORIGINAL PAGI IS 
OF POOR QUAlHY 


a* 

it 

at 

-o.oatoi 

O M«t< 

•a last •* 

• . tin •• 

>1 

■t 

as 

• Milt 

9 Mill 

a Tin h 

t . i*aa *i 

>1 

•t 

3« 

_ 

-• *at*a 

-• 0034* 

• . 

o. 

SI 

ft 

11 

*7 

at 

•« •llt« 

— rwm 

1 " " 

-•••aa-oi 

V. 

M.tati*ta 

at 

•a 

aa 

• •am 

•• WM 


• . 


aa 

•t 

az 

• 41344 

4 

44444 

-3 4414 

44 

•a i«ai 4a 

aa 

•• 

aa 

•44433 

-4 

4444 Z 

1 443t 

44 

-4 . 1441 43 

az 

•• 

a* 

4 41434 

-0 

43331 

t 3144 

44 

•4 3444 43 



• a 

at 

4 34*13 

-4 

•4314 

-3 4144 

44 

a. 1434 43 


44 

aa 

O 44444 

-4 

• 4444 

•4 4431 

44 

3 . 4344 43 



14 

•4 11341 

*4 

01433 

4 . 4444 

44 

1 4444 43 

— n n n ■ uni •» win ttstt i« i nn n 

az 

• 4 

34 

4 14433 

4 

44 1 34 

- 1 .4444 

43 

1 . 4334 44 

az 

• 4 

It 

-4 14444 

4 

44434 

4 4434 

44 

- 1 .4444 43 

aa 

44 

aa 

4 144l« 

4 

04 14 1 

t ■ 4444 

44 

-3.3444 43 


r 44 

3« 

4 01444 

4 04144 

4 . 

4. 

t 44 

34 

4 003*3 

‘0 .00433 

4 

4 

l 44 

at 

0004 40 

•4 40034 

3 4334-43 

4*4X1-01 



1 J r 

i at 

•o. aeaao 

*4. 04301 

v . 

•3 0344 

•3 

3.1434 44 

\ aa 

-•■43444 

-4 01044 

f 0444 

•4 

3. 1334 03 


1 34 

• 040 t 1 

4.40433 

*t aa it 

•4 

-4.3044 04 

at 

-O 0*303 

O . 40433 

-3 3414 

40 

-1.4444 04 

> aa 

0.01304 

-000033 

-0 - 0304 

40 

1.3444 04 


i at 

•4.40341 

0 40033 

4.0314 

04 

-1.3344 

04 

) at 

4 00003 

4 44034 

1 - 44X4 

40 

- 1 1444 

04 

1 30 

0 09 104 

9 40013 

•0 434K 

43 

•1.4344 

•a 


33 

04 

33 

O . 00030 

9 04000 

3.1394 03 

3.3044 40 

33 

44 

33 

•4 90013 

0 . 0090 1 

•4.3494 03 

1 .4414 04 

13 

St 

34 

O .91340 

040 130 

• 

O. 



34 

30 

az 

4. 1 1347 

• 44137 

-34444 

04 

-3.1*74 

04 

34 

39 

>3 

-9. 1 3034 

-4 49444 

S. 0444 

•4 

•1.431V 

•7 

34 

3* 

14 

•4 . 03010 

-4 .41034 

3 0444 

04 

-1 .0744 

•7 


34 

70 

at 

•4 . 4 34 34 

•9.40714 

1.7134 

•a 

- 1 .7*34 

•4 

14 

70 

*7 

•O 31447 

-0.00444 

4 3144 

•a 

-1.4104 

• 7 

a* 

70 

at 

o. itta* 

-4 . 9334t 

• 1 0444 

•9 

a .4444 

•a 


1 >« 

70 

39 

•4 04134 

-9 . 041 11 

-1 • 37*4 

oa 

1 . 1034 

•a 

34 

70 

31 

-9 03373 

9 999*0 

•*. 1494 

94 

- i . aaav 

oa 

34 

7* 

33 

• 01334 

• oooat 

3 9941 

oa 

•44434 

•9 



a* 

7* 

17 

•9 90t74 

-0.90037 

9 . 

4. 

34 

7 1 

31 


-o oooat 

•4 3444 04 

3. 7*94 07 

31 

7 1 

az 

9 . 09494 

o.oaaaa 

3 4944 04 

-311*4 oa 

34 

71 

as 

•9.34944 

•9 C 1443 

-a iaac oa 

•a. 4*94 07 

31 

71 

34 

•O . 3144* 

•9 9X414 

43774 09 

•4.044* *7 


l 3 1 

a* 

•0.4*17* 

-0.0*144 

a tost oa 

4.9344 0* 

i 71 

37 

•o aoaa* 

•0 0*474 

1.0444 07 

-4.9414 07 

\ 71 

34 

• . 4*3** 

-0 .••**• 

-3.4044 04 

4. 17X4 04 


1 *9 

•O. 1*03* 

-9 034*4 

-3 44*9 

04 

3*344 0* 

t at 

-0 1311* 

0.9009* 

•t 4034 

04 

-4*404 O* 

1 33 

0 . 079*3 

9 09 144 

1 *404 

04 

- 1 . 47*4 07 


t 34 

O . 74901 

0 107*7 

o . 

o. 

i at 

•* litas 

o oooat 

• . 

o. 

1 3* 

•9 . 1411* 

0.9003* 

3.0*04-01 

-7.44*4-01 


I* 

aa 

71 

73 

37 

11 

-•villi 
-9 09913 

-4.900*3 

o . 

-3*7*4 04 

• . 

1. 4444 0* 

at 

73 

33 

* . 00**4 

O . 0030* 

3*374 03 

-a. 44*4 07 


1 73 

34 

4 . 00319 


4.4994 04 

•3.4344 0* 

k 73 

a* 

-9.007** 

-9.003*1 

1 .4404 04 

- 1 .0344 04 

( 73 

a* 

•9.001*4 

-O 00471 

-1.4474 04 

1.43*4 oa 


a* 

71 

at 

•9.001*3 

•0.00214 

*44*1 04 

9.3434 04 

3* 

73 

a* 

• . •**•• 

-9 09010 

-a. as** oa 

4.0*04 O* 

at 

73 

30 

•9.0431 1 

-0 . 90034 

•3 *33* 9* 

1 7*44 07 

'■« 

73 

JT 

” o . tlatt 

— mm — 

rmm 

— i nil 

3* 

73 

S3 

-0.9307* 

-9 . 00*02 

• 1 . 1 44C 97 

- 1 .03*4 07 

zt 

73 

33 

0. 14414 

•9.9047* 

1 3941 97 

a .41*4 0* 

at 

72 

34 

9 .03*37 

ft 904*3 

9 . 

o. 

91 

3* 

- VI 

aa 

■"ir 

34 

" *0 00*10 
•* oo*ia 

6 . 9000 1 
• 00099 

O. 

• 1 . 497K-03 

9. 

t . 1*44-03 

a* 

73 

37 

•9 . 13314 

-4 .90*7* 

9. 

9. 

— n 

n 

n — 

— TWU1 

T WTTl — 

i w«t n i nn n 

37 

73 

az 

4 173*1 

4 13333 

7 . *43t 04 

- 1 . 04*4 9* 

37 

73 

33 

9 13**2 

*0 . 42 t at 

1 . 04*1 07 

1 .7*** 0* 

37 

73 

34 

• . a tat* 

4 9049* 

a 077* 04 

1 . 33*4 9* 

— n 

T5 

n — 

6)116) 

' 6 021*4 

" -nil! ii 

— , mf n 

37 

73 

a* 

9 *14*7 

• 47034 

-3 . 7**V 04 

- 1 . 7t4t 07 

37 

73 

37 

t 9*0*t 

• 9*414 

• 1 . 1044 07 

-7.1*74 9* 

37 

73 

at 

-9 . 4*107 

0 01131 


•7.*71t •• 

n T* 31 -1.11111 own ttsIsI -3 I14V 91 

37 

73 

so 

9.373*1 

4 93 tat 

t . 747* 0* 

•4 11*4 oa 

37 

73 

31 

- 9 . 033* 1 

*9 0073* 

•7 7*41 04 

•*.4«*a oa 

27 

73 

at 

9.03749 

*4 00131 

*7**4 9* 

3 4944 97 

n T3 11 T 6TTTi 6 86)11 -1 4771 61 x7*T*I 6) 

27 

73 

34 

9 *3117 

O 11423 

O. 

o . 

27 

73 

3* 

•9 1 13*4 

0 90071 

0. 

9. 

27 

73 

at 

-0 1*400 

990042 

*. 9331-03 

-a . 14*4-01 


236 







MTi ri* Miofti mttiTiM • 

EttlCLS ITftTIC ITftUCTUftl lull T | T|H Hftft I lOiTlt 


ORIGINAL PAGE IS 
OF POOR QUALITY 


TMU-l ICLOSAL 0 tfttCT IPS *1 


ClftftD 1 MATES or M01 NTS OH mUISTSTIM (INCHES) 

LICAl ClftftD 1 ftft T C IT1TIM ClOftftl CllftllftftTI SYSTEM 



>• 

-1ST 

III 

1ft 

-ISP 

• IS 

a* 

•SIS 

sss 



-*TO 

SIS 

-171 

STS 

- 171 

ISA 


ss 

* SOI 

••0 

*7 

•in 

ATS 


- SO 1 ISO 

-lift 47* 





i.l 1*1 

1 I. soil 

Vi 

PS 

* . 

S Aft SI 

PS 

V - 

4 (TIC 

PI 

1 41 IPt 

PS 

ft 1 1 PS 

pi 

• 3411 

• 1 

i I At IS 

PS 

a. utt 

PS 

1 . TAPE 

PS 


1 out 

PS 

ft 714* 

PS 

3.3111 

AS 

S ASK 

PS 

S TAPE 

PS 

• 11 It 

PI 

S .USE 

PS 

ft SI IE 

PS 

1 .Silt 

PS 


> 1 - Slot 

PS 

a list pi 

• ■ 1 lit 

pi 

> 1 OISE 

PS 

• 1071 P| 

1 OSSt 

•s 

l • Sfttt 

PS 

1 . PIPE PT 

a sips 

os 


t ftpftt 

03 

• Silt 

07 

t 0031 

13 

S «3ftl 

PS 

Mill 

07 

4.3411 

PS 

1 POftt 

03 

• 1331 

• 7 

ft . 4I3E 

PS 


> 1 . lilt 

PS 

1 . 47SE 07 

1 . 7PPt 

PS 

1 10441 

OS 

3 SP4t 07 

3 PIPE 

os 


as 

• S 

SS3P3 

3 PS3I 07 


S3 

If 

7t 144 

Mill Oft 

IS 

34 

• 7 

74SPS 

3 S37E 07 


31 

14 

7SSP1 

S SS7E 07 


SS 

• • 

7SS34 

3 . 1 STS 07 


37 

IPO 

Tftftftft 

S USE PS 

IS 


3 4S3P 

03 

4 . IlSt 

07 

• - 0131 

03 

3 . 3ft 1 1 

03 

3 434t 

PI 

3 . 0731 

03 

4 . 41 It 

PS 

7 .0711 

07 

S . P4PI 

PS 

7 . 117* 

03 

1 . 34SE 

PS 

1 . P4PI 

03 

S . Sftftt 

PS 

4 . 3 IPS 

07 

3 Sftftt 

•3 

a . 4ftic 

03 

4 Silt 

01 

3.S43E 

• 3 


THE MODE SHAMES EON THIS SUlftTftTftM »»«* 




MODAL DISMLACENf HTS 

MODAL POftCtP 

LICAl 

SEMINAL I ZED 

PUPAL DIfttCTIOM 

CL OP A l BISECTION 




•ft I A MUM ft* 

POINT 

PWMPtft 

a 

7 

« 

TMTA-t 

a 

T 

* 

THETA'S 

1 74 

31 

P. 13313 

p 

o 

p 

p 

p 

o 

•P. Sfttt 03 

•ft. POftt 04 


1 74 

33 

P ISSftft 


1 . 33SI 04 

•S . IPSE OS 

1 74 

34 

O . 47 1 4ft 

P 00*70 

1 . 33SE 04 

•4.SOTE OP 

1 74 

3S 

P 4 SOPS 

P . OOftftB 

1 ITS* 04 

-4 . USE PS 



74 

37 

0 . 33130 


•3. PSIt PS 

-3. 3*7* 03 

74 

3ft 

o saisft 

O POftSS 

3 PTSE 03 

- 1 .773* 03 

74 

3ft 

O. 1*373 

O OOftftft 

ft . ftftTft 03 

• 1 . ft IftE PS 

m 

n — 

A HIM 

— 6 sent — 

ft 4171 Al 

— =i ant a» 

74 

3 1 

O «•••! 

O 0044 1 

T.SftSE 03 

- 1 . 3 1 1 E OS 

74 

33 

P.PlSSft 

O OOftlft 

7.4ft«t 03 

-7 #70* 04 

74 

33 

-O 04 2 T ft 


7 . 4ftPI 03 

• 1 . 773ft 04 

P4 

74 

TI 

31 

” D ft! 7 J ft 

0 ftftft 13 

6 ooftil 

P OPS 13 

A. 

0. 

O 
0 . 

74 

3ft 

O 11040 

O .OOftftft 

*3 3 ftftt * 04 

- 1 . 17 ft* *04 

74 

37 

P 03OSS 

P 00*34 

P . 

0- 

TS 

at 

O t ft 14 • 

O OOftftl 

•4431* PS 

-a. i i si pi 

7S 

33 

0 Oft IS* 

O OOftftl 

- S . 2 ftftt PS 

• 1 ftSftft 04 

71 

as 

•O SOS 10 

P OOA 37 

1 . 424* 01 

•13011 Oft 

Ti n -a Sian a mu rTTTrBj nrrni n ■ 

7ft 

3ft 

•P 31 1 ft 4 

O 007*7 

4.SS3I 03 

- 1 . Sftftt Oft 

TS 

3ft 

•O 3 7 S ft 0 

0 . 007 ft 7 

ft . 70| E 03 

-ft ftftSC 01 

7S 

37 

-• 4 2 300 

P 007 ft 7 

1 3401 03 

4.30SE 03 

f ti n emu o 66713 -TTXTTr #3 rrm n — . 

7S 

3ft 

*0 S 4 0 S 4 

0 . 0073ft 

3 31SE 04 

-•. ftpftt PS 

7ft 

30 

-0 *71*3 

O 00 Tift 

3.4*71 04 

- ft . ft 1 OE PS 

7S 

3 1 

- 0 fttOftft 

O OOftftl 

S.lftftt 04 

•ft P70C OS 

! J» 

jr 

TTTTT1 

A 66146 

— rrm~*i 

•1 Till A* 

7S 

33 

•O . ft ft 3 ft ft 

0 OOftlft 

B.SftSE 04 

• 1 . 7SPE OS 

1 7ft 

34 

O Oft ft 70 

p OOftftt 

0 . 

0 . 

7S 

3S 


0 OOftftft 

0 . 

0 

f ti ti *p lion a earn * leii-ei i mi-ei 

7S 

37 

-0 >4372 


0 . 

0 . 

7ft 

31 

O S * 4 ft ft 

OOlPft 1 

•ft 3 7SE 04 

-3 *331 Oft 


. iftSIO 

P 0037 1 

* 7*4* 

• 4 • 1 

• ftftft 

07 


17 2*2 

•01113 

1 100* 

OS - 1 

scat 

07 

237 

PH 

-0 OOOSft 

1 1*TE 

OS - 1 

J ft 3ft 

07 


i 

• o 

0034 1 

« *3*1 

03 

3 

7 1 11 

04 

3 

• o 

0040ft 

ft SB 1C 

03 

3 

SI IE 

04 

• 

• e 

OOftftft 

1 ft 14ft 

Oft 

-ft 

• 0 1 ft 

Oft 



















••out* 

• •••14 

• OMU 


• • *•■ •« 


ORIGINAL PAGE iS 
OF POOR QUALITY 


7* 

77 

17 

S' 

• . 120*0 

•o •121 1 

O •0**7 

• - 

-* 2221 

• 4 

0. 

•*■*• •• 

"15 

' ' 15 


— ^ UIU 

'I UT? 

Tl — 

"i nn u 

77 

11 

• 02*03 

*0 MOtl 

o list 

•• 

-0**01 *i 

77 

S 4 

• 1437* 

•0 00*0* 

7.0*41 

•* 

•0*041 •* 

77 

1* 

• 22*14 

•0 00*43 

7 *071 

•* 

a *711 •• 

T7 rt nwn e hsu n ru u — i nu as ~"i 

77 

17 

•1211* 

-0 . 0031 1 

•4 .1101 

• 4 

•1 ooot *• 

77 

1* 

• 3** 7 1 

•0 *0307 

0 *2*1 

•4 

-7010* •* 

77 

2* 

• 3*3*0 

• •0223 

1 1141 

•* 

l 0*01 *7 

n o Tii it b &hii 1 nn oi rusns 1 

77 

Si 

• 2742* 

• ••070 

-a *i*« 

•• 

1 . 1700 #7 

77 

IS 

• •02*1 

• 01141 

*1 777* 

•S 

1 - ••*! 07 

77 

11 

- • 1*«0* 

0 • 1 * 1 7 

•2 7*70 

•• 

•141* •* 

' ‘fl 

77 

SI 

l* 

-O 10**1 

*0 077*4 

00*11 
•0 ••••* 

A. 
• - 


O. 
• . 

77 

a* 

-O 04*01 

*• 00*01 

• 0710 

■Ol 

1 140C-*1 

77 

17 

-0 10* 13 

0 •1007 

O . 


• . 

7* 

11 

*0 1 134* 

• o*m 

1 7000 

OS 

-1.1110 •• 

7* 

22 

O 02402 

0 *000 1 

- 1 - *2*1 

04 

- 1 . 2040 •• 

7* 

IS 


ooeiio 

0 *370 

OS 

7.3401 •• 

7* n a iusi r aairt • nsi u r iiii n 1 

7* 

1* 

• 1313* 

O 00**4 

7 . 70*0 

0* 

1 . 07*0 *7 

7* 

2* 

O 1*300 

001210 

• 1 *0*0 

• 4 

• 1 Mil •• 

7* 

27 

O 07400 

0.01 202 

•3 1*30 

04 

-a ton •* 

n n runs r. atth rrn u rniru 1 

7* 

2* 

••0*420 

0 02102 

7 .HOC 

•S 

1 4401 *7 

7* 

30 

-• . 1 7**0 

O . •244* 

7 ***e 

o* 

30*7* *7 

7* 

11 

-O 1 *20* 

0.01*17 

1 2*20 

0* 

•2 3701 07 

n si rum r nsn nui n — =rim h 

70 

11 

• 301** 

O . 0*4 10 

1 12*0 

•• 

-••*»* •• 1 

7* 

34 

O 02211 

0 00002 

• . 



7® 

1* 

•011*7 

O.OOOI* 

• . 


• 


7* 

37 



• . 

• . 

7* 

21 

• **4*0 

•0 00134 

• 1 . 2*40 •• 

•1 - 0401 •• 


7* 

21 

-O . *0173 

-0. 011*7 

-0 1 2*1 0* 

2 7411 07 

7* 

3* 

•••41 14 

•0.00017 

•4 *04* •* 

2 13*1 07 

7* 

1* 

-• .03001 

-O *0**7 

•4. 042* OS 

2 0*7* *7 


7* 

*7 


-0 *014O 

3.7000 03 

ft 4401 *4 

7* 

10 

-001*1* 

-0 00*4 t 

•741*1 *3 

4 14*1 *4 

7* 

2* 

•O 1 1203 

0 00117 

•1 32*0 Oft 

• Oil* •• 


7* 

11 

•*. 1*710 

• 00170 

1.71 I* •• 

•0.7041 O0 

7ft 

32 

-•07010 

•o.ooooo 

2. 007* O* 

-7.0301 O* 

7* 

13 

• 00401 

-00021* 

3 174* O* 

•4.00*1 00 


■ 


1 ftO 

21 

•O 117*1 

0.004** 

3.4*41 •• 

-•••It 

• 7 

1 40 

22 

-• 17*27 

•0.02007 

Mill OS 

7 SOI* 

• • 

i IB is mm * ami -i rm ii 1 mi it 1 

• 

24 

• 4730* 


• t . 1*7* 0* 

1.4431 

•7 

0 

2* 

O 42*13 


- 1 *0*B 04 

1 *72* 

• 7 

o 

3* 

0.17124 

0.00112 

•7. 70S* »4 

- 1 . 1041 

•0 

ft 

27 

O 3ft *7 0 

0.000*4 

-2.0*3* OS 

-1.0141 

OO 

ft 

20 

O 2*4*S 

-O 0034* 

1 140* O* 

•1.010* 

OO 

o 

2* 

•O 2143* 

- O 001*0 

-3 7*7* O* 

1 71(1 

07 

S I* JA -A 13571 -A 60436 TTUOI TISST H 1 

o 

31 



- 1 0*2* •* 

•1 ■ *••« 

07 

• 

32 

-O 3***4 

-O 0140* 

-4.770* •• 

-2 700* 

07 

0 

11 

•O . 20000 

•0.017ft* 

0 **7* 04 

-a no* 

07 

o 

— 54 

3* 

-O . *2315 
O 3*0*0 

* A . 04 104 
-0 07003 

O . 

o . 

A 

0. 


o 

3* 


•0 070* 1 

-1 . 1 IS* - 03 

•1.000* 

•02 

o 

17 


-0.01102 

o. 

• . 


• 1 

21 


0 00014 

0.747* 03 

-40101 

04 

*1 

12 

-O 01372 

•0 0*001 

2*1*1 04 

• . 1471 

OO 

• 1 

23 


o ooooi 

7 . **•* Ol 

• OKI 

OO 

1 n n A AI11A A. AA1H \‘ TAAI'AI 11361 Al 1 

• 01 

2* 

O 001*4 

O 00201 

-1*01* 04 

t. 10*1 

OO 

• 01 

3* 

•O OO*** 

0 00147 

0.021* 03 

-« . 22*1 

04 

* 01 

*7 

-O 02*0* 

0 00342 

0 2*7* 01 

• 1 . 4021 

OO 


s 


1 01 

1* 


0 00442 

1 3M* 

•ft 

4.0*71 

0* 

\ *1 

io 

•O . 0*1*0 

0 . 004*1 

1 . 1*7* 

•• 

1.0211 

•0 

1 • t 

31 

O . 041* 1 

-O 001*3 

7 . O*** 

OS 

•2 . 4 *•• 

• 7 


*1 
*1 
• 1 

13 

34 

1ft 

O . 414 1 1 
•O 0*404 

e . oi«o* 

-0 .01332 
•0 002*7 
-0 . 00*42 

•4.SS3C OS 
©. 
o 

- 1 . 3*01 07 
O . 

0. 

n n OTTTl : © A AIIS -7 4ITT-A1 1 IAIK-A1 

• i 

• 2 

17 

31 

- o . *»o*« 

-00222* 

•0 014*4 

• . 

1 . 21*1 0* 

• . 

-•2*7* OO 

n n emir ^t~aaaai t iat u — tuu u 

ta 

23 

•0.0311* 

0 003 IS 

- 1 . 1*4* •• 

3 . 1401 07 

• 2 

34 

-O 11*41 

0 . 004 ft* 

- 1 120* 0* 

0.41*1 00 

• 2 

2* 

-O . 2*000 


-•**•■ OS 

1 . 2441 O* 

n n t ssiu a aasji num rmr n 

• 2 

27 

-O 1*1*1 

• 003*0 

1.2*7* 0* 

1.1171 00 

*2 

2* 

•4*101 

0014*1 

-1111* OR 

1.241* *7 

• 2 

1* 

•0 014*1 

•0 0003* 

1 310* 0* 

7*4*1 ft* 

ra n A H517 -A "SAAll STW A» 1.I71I AS 

• 2 

11 

O 2142* 

o ©cat* 

1 .0*3* 0* 

1.10*1 07 

• 2 

12 

0 . 2003* 

0 . 01044 

* . Ml* •• 

1.0*4* 07 

• 2 

33 

O 01* 1 * 

0 01*2* 

1 4ft** Oft 

1 OOOt 07 


to 

01 

21 

-O 0070* 

• 00073 

1 . 1*7* 

04 

•0.1111 

0* 

10 

• 3 

22 

-O *0*00 

-0 Ol 127 

2 410* 

0* 

1 . 3771 

07 

1 0 

*3 

21 

O 1344* 

•0 . 0040* 

•4 . 30** 

OS 

2.0231 

07 


238 “ 


O 0 * 2*0 
*0 00*34 
•0 01*72 


0.00211 
0 0043* 
• 0042* 


-0.712* O* 
1 **2C 01 
f . **2C 04 


1 .•••( 07 
• i .mi •• 

•1.00*1 o* 


1 , 

42 

3* 

•O 0422* 

0.00011 

0 04** Oft 

-••••• •• 

io 

*3 

10 

•O 00*43 

•0.0001* 

0 SOS* 0* 

•*. 11*2 0* 

1 0 

*1 

11 

0 0*3* 1 

-0 00022 

1 . *21* O* 

•7301 •• 






10 

ts 

at 

« »•««( 

0 oatti 

0 

0 


1* 

1* 

ta 

ta 

at 

at 

0 1 7t tt 
• 10031 

0 02142 
0 00*44 

• * 37* * 02 
O 

1 **01-02 
0 ■ 


1 1 
1 1 

at 

tt 

at 

ta 

0 . 00177 
0. 37tll 

00O01 1 
•0 00131 

•• **a* 04 
* 1 0*1* 0* 

•1 .404* 04 
• 1 . 4*7* 04 

OF POOR QUALilY 

1 1 

tt 

as 

•4tl)| 

•0 001*7 

1 044* 0* 

• •>•* 0* 




fl 

1 nbif 

0 oobfcl 

rim i« 

1 till 91 




at 

0 11711 

0 0034 * 

a to** 0 * 

1 .**1* 07 




at 

0 SSttt 

0 007*3 

-1 sit* o* 

•4 *4>C Ot 


i^Bf^BKi 


37 

0 mat 

• 0071* 

•1 nil 0 * 

•3 3*3* •• 


— n 

n 

11 

-1 17*11 

i 6im 

• 1 III! IK 

r run 


1 1 

tt 

at 

O 11714 

0 003*3 

*3 137* 04 

• 1 at** #7 


1 1 

tt 

ao 

0 10407 

0 00113 

*1 t Ttt 0* 

- 1 47*1 07 


1 1 

tt 

at 

o oitta 


• 1 343* 0* 

•3 1*1* 07 


_l_l 


11 

Trrm — 

-6 16131 

H III! «| 

“nnm 




as 

•o mu 


*» 11*C 0* 

•3.347* OT 



' ■ • - 

3« 

-o i attt 

-0 000*1 

0 . 

0. 




St 

*© Ottlt 

0 02*47 

0 

0 . 


— n 

14 

U 

-1 1 4 It i 

0 oatii 


“1 nim 


1 1 

tt 

S 7 

•O . 24*44 

*0 01*12 

0 . 

0 . 


ia 

tt 

a i 

0 OO 103 


*3.0*11 *4 

•43*** 0* 


H^kfr ■■■ 

HH 1 MB 

11 

■* O 2*410 

-0 00*11 

* 1 14*1 O* 

Mill o* 


^^ir^kia 


S3 

o tatta 

•0 00410 

1 •••* 0* 

1 4*7* 07 




a* 

0 1 4 7 JO 

*0 00124 

* a . tote o* 

1 4*31 Ot 



^Btm 

at 

0 12270 

0 00044 

>•■>03* 0* 

1.311* 07 


■■ b MH 

^^k^B 1 BflkflfiB 

n — 

“ O 0**13 

0 . 0024 V 

-1 6411 61 

■"in nm ” 


^^BT^BliI 


17 

O 07101 

0 00221 

- 1 4*7* 0* 

• 1 003* 0* 


s^bt^b®!? 


at 

O 01401 

O 00017 

1 . *70* 0* 

- t 74*1 0* 




at 

* O 70024 

0 0000* 

•*312* 0* 

• 1 *4*B 07 



BB^^B 1 BHB 

so 

-O . 20110 

-0 001*1 

— *1 III! 61 

• 1 . 0*** 07 




St 

-0 04112 

•0 000*7 

1 *4*1 0* 

a *37* 07 




aa 

O 14411 

0 OOlOt 

1 774* O* 

* **•« ot 


■m 


sa 

0 21240 


• 2*3* 0* 

• .*>•* 07 


HI HBfi 

■Mki i Bma 

BMBB EH 

H kl III HBI 

■nun H ■ 

6 . 

0 . 




iJ^BTUi 

-0 044*0 

O 04*44 

e . 

0 . 


s^Br^Blil 



-0 1*222 

0.04*77 

7 . >4*1*04 

• 1 . o* 1 ■ *0 1 





O 40074 

O 01317 

• . 

0 . 


BfB 

■n 

at 

•O 0272* 

O 00071 

ante o* 

-7.201* O* 




az 

O 041*0 

•O . 00*7* 

- 1 4*4* 0* 

1 .004* 07 


^BtHB 


as 

-o ostia 

• 0 00322 

*• 3*0* 04 

3. 43** 07 


m^M. I HM 

BHi I BHI 

1< 

tutti 

-O 00121 

*1 III! 41 

“mini 




St 

*© mu 

•O OOltt 

1)111 0* 

•3 042* 07 




St 

•O 7*1** 

001114 

• **1* 0* 

1 .**•* 0* 


IHf^H 


17 

-o tatta 

•O 012*7 

1 470* Ot 

• 343* O* 


fl^Bf BBU 

n 

11 

— e mu — 

-0 03 1 tt 

r |6I! 61 

-2 *671 07 


liHf^BB 

tt 

at 

0 . It* it 

-O 00*04 

a *i*t o* 

* 044* 07 



tt 

30 

0 2lt7* 

e coo** 

1 033* 04 

7 1 4*1 07 



t« 

a i 

O 1134* 

O 002*2 

- 1 *7** 04 

-3 •* 1* 07 


n 

II - 

11 

- 0 01274 

-0 oo2ll 

-3 0711 Ol 

-I 1711 67 


i» 

tt 

S3 

O 231 tl 

0 00*11 

- 1 174* 04 

•» **OI 07 


ta 

tt 

a* 

•0 . 43* 1 2 

0021*2 

O 

0 . 


is 

at 

at 

O 140*7 

O 0*2*3 

O 

0 



n 

11 

*1 11161 

O 0*2*0 

* 4 1111-02 

- 1 o**6 *oT 


Bfl 

tt 

37 

-041 t«2 

*0 0230* 

O 

0 . 


1 

t7 

a i 

O 3*027 

•0 00144 

*• 033* 0* 

•1.031* 0* 


— n 

p 

11 

mm 

-6 6*143 

I 1*71 Ot 

7 . 2636 d 


i« 

t7 

as 

o . 1122* 

-O 02*30 

-3 •••* O* 

1 01 It 04 


t* 

1 7 

24 

0 - 11114 

•O 01314 

- * 372* 0* 

• *40* 07 


BBBi 

■ 7 

11 

- o 1 1 IS ! 

•O OOIII 

1 s*ir 0 * 

— r-nnrm 


H 

1 7 

at 

•O 4072* 

-00123* 

***** 0 * 

1 . 7*3* 0* 



a 7 

27 

•0 4 tt * * 

•0 0104 1 

1*01* 9* 

t .030* 07 



a 7 

at 

•O 1*713 

•0 017** 

'2.4431 O* 

- 1 . 4*3* 07 



1 7 

tt 

-0 01123 

*0 00274 

a *••• o* 

3 *31* 07 



1 7 

so 

0 0*704 

•0 00010 

a. 473* 0* 

* . **7 t 07 


■ '^HSIS 

at 

it. 

0 . 14*03 

0 000*1 

•till 0* 

-7 237* •• 


M^B ^^BBB 

11 

U 

“ O . 07701 

own 

— TTR! 61 

* » 1171 61 


i« 

at 

sa 

-© . lotto 

*0 0007* 

•1*011 ot 

•3 01 It 07 


i« 

tt 

34 

0 tst 1 1 

0 04421 


0. 


i« 

at 

at 

-o . taott 

•0 07*31 


0 . 


— n 

t7 

11 

“ 1 lilts 

-6 oTKI* 

1 1111-61 

•y. mr-si 


i* 

tt 

37 

O 14*11 

•O . 0074* 


0 . 


t* 

tt 

31 

* o . ttotl 

001017 

1**1* 07 

•ft. *o*l 07 


ii " 

II 

11 

rmn 

-60 n* 1 

•1.3311 0* 

2 * 2*167 


it 

at 

11 

0 . 11*37 

* 0 . OO* • 4 

* 0 . *44* 0* 

1 *70* 07 


it 

tt 

at 

O 102*0 

-O 00274 

- 1 .*21* O* 

1 . 7**t 07 


it 

tt 

at 

•O . 00*4 1 

-0 00001 

*3 133* 0* 

1 *ttf 07 


ii 

II 

11 — 

-1 16114 

*6 0020 1 

2.3*3* 0* 

1 ifir'ii 


it 

at 

17 

*© . 174*4 

-O 00140 

*.*••* Ot 

3.31*1 0* 


tt 

at 

at 

•0. 11*17 

-0 00*44 

*7 . 1*3* 04 

•*.7*4* 0* 


tt 

at 

at 

-o out* 

•0 00004 

1 . 177* 0* 

• . *7*1 0* 


mi hhh 

IT 

16 

— nrrn — 

O . 0004 1 

rmi it” 

1 . btoi 07 



ta 

31 

0 07*1* 

•0 00031 

17*1* 0* 

■I.10II 0* 


Bi BBB 

at 

az 

* 41111 

-O 00014 

*4 43** 01 

• a . not o* 



at 

as 

•O.Otll 1 

*0 0001 1 

•*.431* 0* 

•*.0*7* O* 


Ik^kl kttkk 

■HBf <Hk 

' 11’ 

” o 144** 

0 0241* 


6 . 


■ 


St 

* 0 . Stlta 

-0 03*41 


e . 




St 

-o cm i 

•O 03**2 

• 7 . a»**-os 

-3 *7**01 


^BTHU 


J 7 

-e oiiYi 

-O 00321 


O . 


it 

at 

a i 

•0 014*3 

0 ocoin 

Mill 0* 

•* ttoc 0* 


it 

at 

aa 

O 04324 

•0 0047* 

-* 1*4* 0* 

1 . * *3* 07 


it 

at 

as 

•0 14440 

-0 00*11 

•4.73** O* 

- 1 .73*1 07 


tt 

II 

14 

*0.4 2344 

- 6" 6 ITT 6 

Tnirir 

— i sur iv 


it 

at 

at 

•© 3*402 

- 0 . 02201 

1 .073* 04 

•4 1*01 07 


1 1 

at 

St 

*o . ataot 

-0 03*71 

••lit 0* 

* . 23** •• 


it 

at 

37 

*0 10414 

•0 0334 1 

1 . 10*1 0* 

1 . *44* 07 


it 

ir 

”' fl'" 

0 • 11+47 

-001 132 

*hoi7i 6* 

2.1131 07 


tt 

at 

St 

0 1 1 1 24 

*0.01 It© 

* 4 . 3**S 0* 

* . 3*t 1 07 


it 

ta 

SO 

0 . atts* 

•O 00*14 

•0*13* 0* 

4.4*2* 07 


tt 

at 

S 1 

• O 411*3 

0 . 01 at 1 

* • .0*1* 0* 

•4.01** 0* 


,_ , # 

•r ■■ 

11 

• 0 7173 4 

“ 0 00400 

V 16*161 

rmi it 


1 1 

at 

as 

0 4*114 

•0 00244 

• tan o* 

1 . 737* 07 


* t 

tt 

34 

0 14244 

-0 . 00414 


O . 


tt 

tt 

St 

O . 10714 

0 00*30 

0 . 

0 . 


it 

I*' 

11 "■ 

007*11 

“ 0 00*24 

= i mm 

TTTTTTI 


it 

at 

37 

0 2**12 

001131 


0 . 


1 7 

te 

a i 

-O 0*274 

0.00111 

1 *41* 0* 

-2 1*4* 07 



II 

11 

O . 200*4 

-0 0 11*1 

: 1 *731 Ok 

— rmi 67 


H 

to 

as 

*0 434*4 

-0 01*13 

•1 47 *( 0* 

-a.**7« 07 


■ 

to 

at 

•0 *4*4 1 

-0 037*2 

*t 7*3* O* 

-» 134* 07 


■Km 

to 

at 

•0.41 200 

-0 03237 

3.3341 0* 

1 1)21 07 


kkikkk 

II 

11 

Tim 

0 017*1 

r i7fi si 

= 4.3*6! II 



to 

17 

0 1*342 

*0 03411 

*3 7«7* 04 

1 . 1*** 07 

239 


to 

tt 

0 4 1*4t 

•0 00tS7 

7. *14* 0* 

Mill 07 

hihb 

to 

at 

0 0100* 

*0 ootst 

•4 , 113* O* 

4 3*4* 07 

TT 

• 0 

’ll 

-0 SI^IT 

-6 06401 

• 9 . 4 0 1 ^ — 6 K _ '~ 

z tin'll' 


17 

to 

3 1 

0 Stttt 

•0 OltTi 

« m* e« 

) Mil C* 


17 

to 

S 3 

0 ttttt 

*0 01 ttt 

• 2 04 4 1 0* 

•034* 0 - 


1 7 

to 

S 3 

•0 440ft 

0 00134 

-7 344* 0« 

a 1 • ■ c ot 


17 

lb 

24 

6 tils* 


ti 

© 


17 

to 

St 

O 41* | f 

0 023*3 


0 


17 

to 

St 

0 3*4*1 

0.03331 

1 042*07 

*3 1*41 -01 









t) 

0 . 04 )4t 

‘0 00311 

• IMI 04 

40)41 07 

ti •« 

14 

0 41*11 

0 00114 

S MM *• 

•0)01 07 


*• 

0 10021 

0 0)113 

1 1141 OS 

• . SlOt 07 

n r 

wmjLwm 

O •■ 1 14 

— nnn — 

— 'TWI VI 

-III1I II 

ik *i 

a 

0 11441 

0 ottto 

'S 4441 01 

•Mill 07 

14 *1 

SI 

•0 11401 

0*14)1 

• 1 1041 01 

•lllll 07 

14 • 1 

SI 

-0 * •• 1 1 

O 0)047 

T.SS1I 04 

-7 0O4C 07 


1* 

4 1 

31 


0.01 )•• 

•SUM 0* 

1*111 07 

14 

4 1 

33 

•0 C 1 •• 4 

0 . 0 17*3 

• 7*M 01 

•S 4171 07 

14 

• 1 

SS 

0 31143 

0 . 001)1 

• lOftt 04 

•3. SOftt 07 


0*1777 

0 01471 

o . 

0 . 

O. 34*11 
0 14*00 

0 0144* 
•O 004** 

'7 *0*1-01 

o 

1 . 31*4-01 
• . 


0 * 01)0 
o 00 1*4 
-0 OIIJ ] 


-o . oe too 

• O 00004 


'•.•111 04 
7 17»« *4 
' « HOI 01 


14 

43 

3* 

•0 1 1*3* 

-0 ooioi 

7 SMI 0* 

'1. 14*1 04 

14 

43 

1* 

-O 0434* 

•0 . 000*3 

1 1*41 0* 

S . 7)43 0« 

14 

• 1 

*7 

-O 070*4 

•0 00033 

lllll 0B 

3*701 0« 



•••■ 01 
till 04 
•)•• *• 


•0.31444 

0 001*4 

1 It IB OS 

• 1 .40*1 

07 

•0.0103* 

O 001*3 

3. *011 0* 

*t . 4)41 

O* 

*0 0307* 

0 . 010*4 

1 0444 O* 

7 . *0*1 

•7 


1 S3 

1 11*11 

O . 0104* 

1 * 1 M 0* 

• 1 . Bill 07 

t 34 

•O 01*33 

0.001*4 

* . 

o . 

1 SB 

-0 02*44 

•O 001)4 

0. 

0. 


14 

S3 

17 

•e 70)4* 

•0 01*30 

o . 

0. 

10 

S3 

It 

-0 . 000*3 

0 . 00007 


-1.BB4I 0* 


10 


33 

•0 03 144 

0.001*7 

-• •••■ 

OS 

3. 0441 07 

30 


14 

-O 1 1**0 

O 00*47 

'1 *141 

04 

3 . lOOt 07 

30 


3 * 

- 0 13344 

O . 004*7 

1 0311 

OB 

14411 07 

515 “ 

J 

n — 

— -r < it 17 — 

M II HIT 1 

1 6 TTT 

TI 

S 6141 TV 

30 


37 

*© 33*44 

0 .01*3* 

1 03*1 

OB 

•3 . 1*11 •• 

30 


3* 

O 37*44 

O . 00**3 

B BBBC 

OB 

• 7071 41 

30 


3 * 

•0 31307 

O 01*** 

4 *3*1 

04 

•4.40*1 07 

J* 

T 

T5 

-6 65**4 

6 Mill — 

riT1| 

TI 

n:i»i 6i 

30 


3 t 

004*41 

*0 . 00*7* 

- 3 3441 

OB 

♦7*111 07 

30 


33 

-O 1*301 

•0 011*1 

- 3 7301 

OB 

“7 . 4*3t *7 

30 


3) 

-© .071** 

•O . 020** 

4 • 341 

OB 

** . 3BBC Ot 


ft 

SI 

3* 

O 0134* 
-O 00430 

" 0 0000* 
-0 00024 

O 

o . 


6 . 
o . 


ffl 

3* 

'0.002*3 

'O 00034 

1 . 3341 

•03 

1 . **41-03 


ffl 

37 

O *2*41 

O . 012*4 

0 . 


0 . 

31 

*4 

3 1 

0.0013* 


* 1 .0371 

OB 

•3.03*1 0* 

31 

• 4 

33 

0 . 00*1* 

'0 003** 

1.17 11 

OB 

1 . *4*| 07 

11 

44 

33 

'0.213*4 

-0001*1 

•4 . 4371 

OB 

•3 4*31 O* 



i as 

•0 . 33*14 

0 0073* 

3 3*01 0* 

-• . *1*1 

•• 

it 

O *134* 

O 034 *B 

-3 4*31 OS 

•7 . BSfB 

M _ . _ 


3* 

'O 030*4 

0 . 003*3 

• 1 1*3* O* 

•1 . B44I 

OB 

3* 

-0 110*1 

7 . 003 1 • 

1 .0711 O* 

-7 . 70ft 

OB 

30 

•O 02*73 

© 001*7 

lllll Ot 

•3 4*0t 

Ot 

31 

0 02*1* 

0 . OOOOB 

•3. SMB OB 

•4 . *471 

• • 

33 

♦O . 0310 1 

•o . ooe i « 

'3 B73B <l% 

♦• 1 B*I 

OB 

31 

O . 0031 • 

'00013* 

37111 SB 

-« . 1 B1C 

Ot 


31 

•0.00071 

0 . 00007 

i . ■ :»• 04 

•4.0071 

OB 

33 

O 0 1 7* B 

'0 OOBBS 

•3 *4'.« OB 

3 . B43I 

07 

33 

0 . OSB33 

0 004*3 

1 . 4*71 OB 

B . 14*1 

*7. 


23 

»t 

3B 

•0 . 13720 

0 . 030*0 

• . 1B3B 

OB 

4 . 4 BOB 

07 

23 

SB 

SB 

0 7*033 

0.0*310 

•3 *1M 

OB 

•3 . till 

• 7 

33 

• « 

37 

O 0*4*0 

0 OM4B 

•4 . *■ 71 

OB 

•7 . B 341 

• 7 . _ _ _J 



1 SB 

O. B4313 

0.00170 

•8 . 73 1 B 07 

-B.3B0I 07 

1 30 

O. 1**17 

-0 00134 

- i oast 07 

•1 .0)71 OB 

1 31 

♦© 1*401 

•O . 0007* 

• . S07E OB 

1 . ■ SOI 07 S 


1 33 

•001*2* 

0 004 13 

- 1 *731 OB 

1.74*1 07 

1 3* 

0.02*1* 

*0, ©DIM 

0. 

0 . 

1 3B 

O 007*2 

0 00017 

0 . 

o . 


37 

•O 074*1 


0 . 

O . 

31 

•0 . 30330 

0.04301 

'2.43*1 07 

-3 . 1*71 oa 


2) 

• • 

33 

0.00343 

'0 . 00044 

B . 1*31 04 

•7441 OB 

23 

*• 

34 

0 OOC 1 1 

'0 . 00031 

• • . 33 1 B 04 

S . SB SI OB 

37 

• B 

2B 

•0.00)03 

•© 00037 

-7 . 3BTB 04 

1 lit! OB 


• • 

37 

O . 0070B 

0.00011 

- 1 . 1 IBB OB 

• 7 . M St OB 

SB 

at 

•0 . 003*1 

'0 . 0003) 

4.0711 04 

3.B3SI 04 

• • 

IB 

0.000*7 

•0 . 0003* 

1 4 1 3 B 04 

1 . 1 40R OB 


3) 

1* 

31 

♦© . 0003 1 

0 00002 

• 1 . 3771 03 

• 1 . 4 3*1 04 

31 

• S 

33 

0.00030 

•0 OOOOO 

3.3701 03 

•3.3041 04 

33 

• 1 

33 

•0 00013 

'0 oooo 1 

•S atot 03 

• 1 . BB1I 04 

11 

33 

ir 

•• 

14 

SB 

6 . 6 1 2to 
•O . OOOM 

'T 00131 
0 00002 

6 . 
o . 

6. 

0. 

33 

•• 

)• 

'0.001 IB 


X *4*1' 04 

1 . I 1 tl -02 

2) 

• S 

37 

0.00013 


0 

0 

34 

17 

31 

-0.00373 

• OOOM 

-lllll 0* 

'47071 07 

24 

*7 

It 

0 1 13*7 

-0.04177 

* 3 • *4 B o* 

3 . 1371 Ot 

21 

• 7 

13 

•01 302* 


3 . Ot • B OB 

10111 07 


P IB 

0 . OB 2*7 

0 Ollli 

11411 0* 

1.71*1 

• 7 

1 XB 

-0.42434 

0.007 IB 

1 7 131 01 

1 7*lt 

•t 

1 37 

•0 . 310*7 

0 00*14 

4 MB OS 

1 .B10I 

07 


P 3* 

0.03*7* 

0 01*30 

• 1 . 4*01 0* 

•• .0*11 

07 

P 30 

•0 0*114 

C Will 

• 1 .2731 •• 

• 1 . 1031 

0* 

P 31 

•0.03273 

•0.000*0 

•lllll 04 

1 Mil 

01 


■ 7 

33 

•OOOOO* 

• 000*4 

•1 .1111 0 * 

• *241 0* 

• 7 

34 

-0. *4141 

0 1011* 

0 . 

0 

1 *7 

3* 

01421* 

0 00007 

0 . 

0 . 










c 00043 
e ohm 
0 340*4 


0 . DOOM 
-6 01111 
O 01**2 


•0 IM( OS 
2 t* SC OS 
•1 1711 OS 



2* 

00*144 

0 02SSS 

• 04SI 

os 

s 

1121 

01 


IS 

*0 SSS72 

O 02 1 •• 

4 1011 

ot 

• 4 

oisb 

OS 


2? 

•0 *0421 

0 0241* 

1 O • 4 | 

01 

2 

ss ta 

01 


is 

a* 

0 102*1 

0 OS 1 0S 

* 4 4**1 

OS 

*2 

4 SOI 

OS 

• • 

20 

•0 19024 

0 01*41 

•a • * st 

04 

-1 

42SB 

OS 



■0 1 2 1 1 * 

•o oooos 

• 1021 

os 

• 

. S40C 

OS 


ISSI 0* 
•ISC 01 


ORIGI*ul fs 
OF POOR QUALITY 


1 -0 

0 1342 

0 

00 123 

* 1 3301 OS 

1 7SJB 07 

k 0 

7 400 1 

-o 

1 07 • 7 

0 

o . 

1 *0 

1 S • * 2 

*0 

oooss 

0 

o . 


21 

•• 

27 

• 0011*1 

O 00021 

0 


e . 


2 • 

• s 

1 1 

-0 00013 

0 00003 

-3 SHI 

04 

-1 SS 11 

os 

11 

n 

n 

6 661 1 1 

— rrrorffl 

— mrr 


— ruiT 

07 

2 S 

•• 

23 

0 OHM 

0001 SS 

2 1211 

os 

a .sub 

OS 

IS 

•• 

24 

OOJ 2 IO 

O 00214 

• soot 

os 

3 . S 2 SB 

OS 

as 

ss 

2 * 

-O 007 SI 

0 002 • B 

1 not 

01 

1 .0311 

OS 


n 

}| 

— 6 wm — 

■ ntm - 

’• 1 uia 

TT“ 

"nrmr 

01 

mn 

• s 

27 

•0 02 SSS 

0 00344 

i osit 

os 

* 3 . 4 S 0 I 

OS 


•• 

2 4 

• 0.00112 

0 00224 

B ISSI 

os 

-a . as i a 

OS 

H 

SB 

as 

0 0 S 4 SS 

e ooo io 

•2 2 3 St 

os 

•1 OSOB 

OS 



0 oosio 

•0 0000 1 

0 . 

o . 

o ©os is 
O 1334* 

O O 

• 1 SOU * 03 
0 . 

•a 11 * 8*02 
e . 


21 

100 

2 1 

■ 0 00447 

0 ©0 101 

• 1 1041 

OS 

• 1 . 1438 

OS 

27 

100 

22 

O 37211 

-O 12233 

1 . 0131 

Ol 

1 . 04 • B 

os 

27 

too 

23 

0 13SS2 

0.03131 

1 04SI 

07 

- 1 ISSI 

01 


1 

1 


1 oo 

2* 

0 31303 

•0 02 1 14 

-S 3231 01 

- 1 IS OB OS 

100 

3* 

0 • 1 417 

•O 07024 

•3 ISSI Ol 

1 . 72 * B 07 

100 

27 

O 1*04* 

- 0 . OSS 1 c 

• 1 1 04 C 07 

7.3S7C OS 


100 

as 

•O 22124 

*0 074*3 

7 2*3* OS 

3 • S 108 OS 

100 

30 

0 . 27311 

-© 03S21 

S 1171 Ol 

1 1 ISC OS 

100 

31 

•0 0331 1 

0 0073* 

* 7 . 7 » 4 C OS 

S 4 1 SI 01 


f ioo 

32 

•0 03 22 S 

•0 00302 

- 1 *77| Ol 

-2 SUB 07 

r i oo 

34 

0 13*47 

•O 11*22 

0 . 

O . 

t 103 

3* 

■ 0 1 S3SS 

•O 00071 

0 

o . 



TOTAL NUMltft OF SUBSVSTI 

[HS> S 

1 Cl Ml KA L I 2 1 D COORQINATCti 

100 






V 

* 

Itll 

lost 

"5"3 

02 

5 

2 3 4 SB 

04 

B . 

■ 24| 

02 

2 3121 

os 

1 

SS it 

0 1 

1 1211 

OS 


1 1 

1 1ISC 

02 

S SOSt 

OS 

12 

2 .12 21 

02 

2 7321 

07 

13 

1 42SB 

02 

2 1S7f 

07 


• 4 2SC 02 
1 IIIK 02 
S lose 02 


11 

SS41C 

01 

1 salt 

01 

20 

t . 03 If 

02 

7 . 7 2 1 1 

01 

2 1 

• 0028 

0 1 

2 O 1 Tt 

OS 


23 

1 SOSI 

02 

S .12 01 

OS 1 

24 

2 . SSSt 

02 

1.110! 

07 1 

2* 

1 . lilt 

02 


OS < 


1 * 2 *f 02 

• oaat oi 

• 4131 02 


2 1 * 1 C 01 
1.14 11 07 



n — 

31 

s : os*! 

1 1S7B 

62 

02 

r 

1 1121 

OS 

5- 

•3 last 

01 

32 

1 Silt 

02 

« 7221 

OS 

• 4 3 * 4 B 

0 1 

33 

• 7331 

0 1 

3 7221 

01 

2 S4SC 

0 1 

34 9 . 1141 63 3 4341 07 • 1 SISK 65 — — — 

31 

7 14 31 

02 

• 0771 

07 

•3 7441 

02 

3* 

1 4*21 

02 

3 3011 

07 

•S S3 7C 

01 

37 

3.2*11 

02 

7 1 3 1 C 

07 

• 2 24 11 

02 

SI 

as 

“ mrr 

2 . 04 B 1 

6k 

02 

0 . 

0 . 


0 
0 . 


so 

1 tut 

02 

1 S 1 21 

OS 

*2 I3SE 

0 1 


1 Silt 

03 

4 7 2 21 

OS 

*4 3 1 • t 

01 


3 ISSI 

02 

2 4 2 4 C 

07 

- 1 2*28 

02 

7 1 4 3 B 

02 

• 077! 

07 

-3 . 74 SB 

02 

1 4121 

03 

2 30* t 

07 

• S . S37B 

0 1 


•Silt 02 
1 . 2t1C 02 


2 1 Sit OS 

•••It OS 


1 ISSI 02 
22441 02 










tUMMAAV 07 T»K COOKD 1 MA7 t l FO» TMt PHYSICAL OOI 



l-M- 

— V 

>911 III 


10 

-211 111 


1 1 

>101 040 


ii 

>307 170 


13 

- 217.010 


14 

- 221.000 


IS 

-234010 












ORIGINAL PAGE 13 



ICLOBAL OIBBCTION SI 
(GLOBAL OIBBCTION 3) 
(GLOBAL OIBBCTION 1 I 


THfTA-2 (BLOBAl B I BBC T I ON «) 


OIBBCTION 

S OON 0011 

IT AT J BNI 

I- 

1 

(BLOBAL 

OIBBCTION 

B) 

T 

(GLOBAL 

OIBBCT ION 

3) 


THBTA-V (GLOBAL OIBICTIOH * 1 
TMITA-2 (GLOBAL OIBBCTION A| 


BPBINC CONSTANT IN . OIBBCTION* A OOOB OB 
BONING CONSTANT IN 2 DIBICTION" A . OOOB OB 
BONING CONSTANT IN T MG T A * ¥ OIBBCTION* r 



OAM? INC COfOOIClBNT IN I DIBICTION* 9 


OAMMNC COB 00 I C 1 1 N T IN 2 OIBBCTION* 1 BABB 02 
OAMOINC COBOOIC1BNT IN TMBTA-V OIBBCTION* O 
OAMOINC C0BF0IC1BNT IN TMBT A * 2 OIBBCTION* 



m 

(GLOB 

(GLOB 

(global 

OIBBCTION 

OIBBCTION 

OIBBCTION 

B| 

3) 
1 ) 


A * ¥ tGLTOit 

“B 1 II FT 1 W 

II 

TNI T A * X (GLOBAL 

OIBBCTION 

*) 

IT AT J BND » S 

0IBBCT1 


IT AT J BNI 

I * 

1 

(GLOBAL 

OIBBCTION 

• 1 

V 

(GLOBAL 

OIBBCTION 

3) 


TNITA-T (GLOBAL OIBBCTION 1> 
THBTA'2 (GLOBAL OIBBCTION A| 


NOTING CONSTANT |N V DIRECTION* 1-MSB OB 
BONING CONSTANT IN 2 OIBBCTION* 1.SBBB OB 
BONING CONSTANT IN THI T A • V OIBBCTION* 


0 * 0 ACTON • IS O 


OAMOINC CONSTANTS (CAlCUlATBO BASBO ON ASOVI 0-0 
OAMOINC COtOOICICNT IN II OIBBCTION* 


OAMOINC COfOOIClBNT IN 2 OIBBCTION* 3.2SSS 01 
OAMOINC C0B00IC1BNT IN THCA-V OIBBCTION* O 
OAMOINC C0B001CIBNT IN TMl 4*1 OIBBCTION* 











X (GLOBAL OlfttfMON t) 
Y (GLOBAL eiRBCTIQH 3) 
2 (GLOBAL D1ACCT19N 1) 















































OBIGikAL PkV;. 13 

SNMMANV ftp TNC CIIMtCTIIM lltllU TNI PHYSICAL CHHCIIM AlAMONTS f\C O HMm' ’W 

ASS Til MNOAi SUSS VS TIMS * \^T * 


SLIMNT 

l IS 


TO 

SSSST8T0M 

i 

AT 

POINT 

> 

KLIMSNT 

1 IS 


TO 

snoots tcm 

T 

AT 

POINT 

SA 

u 11 f" 1 !■ 

i IS 


TO 


A 

AT 

POINT 

14 


If [ | 


BlIMNNT 

1 

■s 


TO 


X 

AT 

POINT 

A 

BtBMNNT 

1 

IS 


TO 


T 

AT 

POINT 

as 

OKnont 

X 

IS 


TO 

SNSSVSTBM 

A 

AT 

POINT 

at 


n c Qj 


CLINCNT 

X IS 


TS 


s 

AT 

POINT 1. 

CltMCNT 

SLtHCNT 

3 IS 
3 IS 

CNNNSCTSS 

CSNNtCTSS 

TO 

TO 


T 

A 

AT 

AT 

POINT OS 
POINT as 


NLBMNNT A IS CNNNBCTNS T1 SNSSVSTBM X AT POINT S 
CLSNCNT • IS C3HICTH Tt SNOSVSTBN A AT PAIST 1« 



PAINT is SP SUSSTSTKM A is A 6TS0 LSAO L SCAT I AH 
PAIST IS AP SWNSVSTBM S IS A 6VA0 LSAO LSCATISS 
POINT IS OP SUOSVSTtM A IS A OHIO LSAO LOCATION 
POINT IB OP StlOSTSTCM S IS A CtNO IDAS LOCATION 


\ 

i 

r 

! 

* 


81 


















1 

4 





































ORiuiKAL !3 




it/ttc 

It/IIC 


it/ttc 

*A*/ SBC 

Rtt/tBC 

ktt/ttc 



i 

• 

-• ••mi 


0 


O 

0 ©©ftftl* 

•© S113©« 

OF POCK Q'JAl.iV 



M^fl 


” t itnn 


~T 

f ftft I 1 


• iiimi — 

“ttititi 






-• essttt 



1 0C ft 3* 



-••11241 





[KHH 

• ©(«•«« 



1 tftllft 


-• 10 1 3©t 

*• Mini 






• otmi 



OlttftS 

* . 


©•ftittft 




IhB. 'iSBM 


-» "1*1311 


• 0 

TTTTT1 


M s nnn 

•’wmi 




pHfll MB! 


•ft oiottt 


-0 

Oltstl 

o 

• ©©©lit 

t ©©1021 






•ft otoitft 


• o 

©2 t 1 13 


• ©oot ts 

• ©O t tft 3 




^H 

HlflH 

-o ©It 1ft 1 


-o 

• ni»j 


• OOOtftl 

© ©©1*77 




HHHHflLJt' JHHH 


Tmnr 


- £ 

inin 


1 9HTTT 

i nun 









1 0 2 It 7 

# 

•« *•)(«• 

••©113ft 






0 ©Tttftl 




• 


• ©«12«© 




m 


o 0*111* 



OftOftU 

c 

-• ©©lift* 

• ©ft It It 






e otiftfti 


0 

nnn 

o 

- 4 BRSIVt 

1 16 1191 




■ 


•0*400* 



• 3ft© *t 



ft Mtttl 






ft OltTftl 



©ttt 13 


•© 101)11 

• ©ft IP tft 




HH 


• etilT* 




• 

% ©©Hit 

• ©©Ittt 




Hi I jasastti 

PMfl flflflfaUH 

e stun 


♦ p 

H16H 

S 

*“ Tumi — 

rmtn 




^H 


-• ©otat a 


-o 

•llttt 

o . 

•© ©«1tftt 

©.©•!*!• 




>ft 

t 

•0 OltftOft 


♦ o 

• 3*0 It 

o. 

-©OOttftt 

• ©OlftftR 






0 ©tilts 



iftltft* 

o . 


• ©©1271 




Hflfkb 

fl^^K'HHHflflfl 

rmsm 


o 

mm 

o . 

mini “ 

Twm 






0041)11 



•tit tt 

o . 

-• ©©it«i 

-• •©•«•• 




■ 


• ©tOTft 1 



•tttii 

• 

*• ©©ifttt 

• «©©©24 




HI 


O ftlltll 




o . 


• ©©©123 




« 

e 

rtimi 


^ MfltJ 


twins — 

— IM5III 




it 

o 

0 ©tftt It 




©. 

-• ©oitt© 

•©••ftti 




it 

o 

© ottl It 



017001 

o . 

••Mill) 

• ©*©2tt 




it 

0 

• Oft© 1 1 1 



•©sttt 

0. 

-• ©otta* 

• . A© 1 ©ftft 




10 

o 

“ wrm 


T 

OOft (It ~ 

4 

“ -4 ©oil 13 

— runn 




It 

0 

•Otftttt 


- o 

01t»O3 

• 

-• ©Olttt 





SI 

o 

•0 ©Otftst 


*© 

•Itotft 

• 

O ©OITftl 

©.©•1*73 




S3 

o 

-© osiftta 


- o 

•ft 3 ttt 

©. 

-• 0017*3 

OR© 10*7 




HH L Hi 

MflH-HHfltfiHP 

rmnr 


o 

1 I©7 f 7 

0 

-• ©O 13tt 

"nmn 






• ©«itti 



lOtJftft 

©. 

-•♦•131ft 

•• ©©it it 




^H 


© ©ftftftct 



101317 

©. 

-©.©•lltt 

-•©•1*37 






-O ©ItftOft 


- o 

• 31ft It 

0 

-••©Ittt 







FORCIt CORTRltUTCD •« tH« tUIBTftTIM MODI IftAftlt 








NOT ft R MODAL tlltSVSTRMS CBCLMRIOI 




PORT 

i 

t 



I 

tmbta-r 

tnbta-7 

TOOK TA - I 






'*■ POUND* ~ 



— nmci — 

irn 

— nm 






-30 It© 



13 .ttt 

o. 

lit 237 

27* M2 






O OOO 



-O OOO 

O 

• ••» 

• •©• 




Ftftfrrtm mfl 

SSH^HHfll HH 

-6 6J1 



i ns 

0 . 

* Tin 

r o o©6 




• 


•3ft 130 



30 Ift I 

o. 

III 111 

»©7 ft 2t 




• 

o 

•* ttt 



2 311 

• 

73 30© 

It . 171 




t 


o . 



o 

0 

O . 

© 




7 


5 ©61“ 



rws ~ 

o . 

*rw 

-i m 




• 


©. 



• . 

o 

• 

• 




• 


- 1 ft 2 3 



-* it* 

• . 

373 433 

3*2 7©t 




to 

o 

O OOO 



- 0 OOO 

o. 

-© •*© 

•©.©•© 




n — 


rwr 



i nr 

• 

0 . 

s. 




>2 


-it. it* 



-J 7ft t 

© . 

ft* ©tft 

-tft lit 




13 


- it «©t 



©. 1*1 

©. 

131*3# 

-173 Til 




tft 

© 

- It ©Aft 



1 .tit 

• . 

1*3.337 

•247.3*3 




rc — 

o 

-is «*r 



1 Til " 

©. 

nnn — 

— - I 144 14 




it 

o . 

* 1 1 in 



11 (33 

0. 

134037 

-21© 




it 

o . 

• 1© ©It 



Ift • 12 

© 

lOI ti3 

•21* ©12 





^ . 




11 III 

0 . 

-irw — 

— nrrn 




it 

o . 

* nt 



1 ©13 

e. 

• - 3tt 

- 12 1 7ft 




30 

o . 

©oot 



© ©©7 

o. 

©OOO 

• ©M 




3 l 

© 

•It Ift? 



ft! ttt 

• . 

-ttt tt© 

- 1 ft©© - 1*7 




32 

o . 

- 13 Ott 



t 73© 

• 

-©.1 t© 

-«1 SBt 




33 

o. 

It 317 



2 3*ft 

o . 

1*01 •** 

73# . Ill 




3* 

o . 

It .31© 



7 (22 


3«tt 713 

«©2t 3tft 




JFI 

© 

ITTTT 



13 lot 

o . 

ssirisi — 

— nrrm 




It 

o . 

-i Ml 



1 0(3 

o . 

- 1 . TftT 

-3. 17* 




at 

© 

-ft ©3* 



3.133 

• . 

- Ift.tt© 

-13 lift 




31 

o . 

ft ttt 



-ft 133 

o . 

-3* 31© 

■21 Oil 





hhhhimi 

- It lift 



4 2 ooo 

o 

mrm — 

— nir ns 




M|^fl^ 


- 1 1 ttt 



ftft .240 

© . 

3ft 1 3 . 3B3 

till 133 






- IO ft tt 



01)1) 

• . 

1 Itt 3*0 

tit ttft 




mSM 


-*.7t© 



ftft t*2 

© . 

73* ttt 

tft©. ttt 





■hh him 

■| m 



“mu 

© 

sit: m — 

imn — — 





T^^Hfl^" 

©. 



©. 

• - 

0. 

©. 





■ Hfl' 

©. 



e. 

o . 

• . 

0 . 




fl <* 


-o «»© 



©ooo 

o . 

• .©•© 

• •©• 




TT- 



0 . 



o . 

©. 

o . 

• . 




TNI ROLLOWINS VAU 

At TNK KlBMtN 

TtRf 
r HU 

1 RIOTS 1 CAl 
Tt OR TUB 1 

C0RRICT IRS BLtMBMTt 
10 T OR OR CASK- 






•CLftTlVt 

tt AO 



1-BRO JBRO 

PORCt IN 7 0IRCC7 

lift PORCt I© 

3 DIRCCT10H PORCt 



tLtMVHT 

DltRLACBMCNT BAND C l C ARANCI 

IRCHKft IRCMtt 1 RCRIS 

R0IRT ROr«T 
MUMtBR ROO*t t R 

I ONO J 

•NO I BR0 

J t RO MAONITMOB 



t 

O ©OOft 

0 3 tOO • 

tfttt 

» 31 

O. 0 

©. 

©. ©. 



TH« totctt THAT T PC 

TTPt t ©OOtt I CAW 






THTUr 

BiMSIl ILIninTI J firiT 9H 













PQRCt |R ClftR OIRtCTIOR 




IlCMtRT 


POINT 


B 


T 

1 

TNBTA-7 

trbta-i 



■ HIMtll" 

IR© 

NUMB fl “ 


ROUhB! 

Bounds 

psinroi 

nm — 

in- LB 



» 

S 

3 




3(2 >to 

-3(1 ©S3 

©. 

©. 



i 

J 

3« 


0 


-3t2 . 37© 

3B3 ©33 

• . 

©. 


ft 

r- 

1 

1 


( 


■II 111 

mrr 

BT 

• . 


2 

3 

J 

3ft 




• 1 lit 

-*•*>* 


©. 


l 

3 

1 

I 1 




13.(11 

1 1 ttt 

©. 



a 

3 

J 

It 


0 


*13.(11 

- i i .ttt 

©. 

©. 


1 

j 

1 

j5 


o 


“t % 0 1 

T“J11 

6 , 

• 


r 

ft 

J 

• 




-* . *01 

*7.332 

o . 

© 


s 

t 

I 

t 




- II 120 

- 13. Ott 

• . 

• 


6 

t 

J 

3T 




It . *30 

IS. ttt 

0. 

©. 


f 

Tm BTAMCOPic fticu tcrmc on 

not 

ROTOR it) ARB 

T-ABlt 


I-AIU 





Fprst 

"TffTgl 

— BE Ir»IT T a 



MBMIHT 


RVWOT _ 





RI/MBBR 

RUMlfft 

II'IMOI 



IN* It 


IN-LB 





> 

1 

Stlttt . 



Sttt ttt 

itta .ttt 





- 3 


01»»<“ 



“fcftt . f to 


III HI 





3 

: 25 ?. 

3303 



22 111 


• ttt 





% 

1 30 





*0. 731 





• 

1 

371 



-0 lit 


-0 It* 






uaaiBflHai 

— * RTF* 



- 7 til 


r is? - 





M 


ft it 



-0 ttt 


• ns 







3T7J7 



•It Jtt 


3* ft JC 





■■OBI 


134*0 



•tft 337 


II V) 



__j 


gUHTH 

gWMt^waa 

mu 



unrr 


SI SC 1 





1 1 

a 

*tt 



- 1 i«« 


2 121 





t* 

a 

tiki 



•23 tftt 


-ftft 03 1 







































ORIGINAL PAGE IS 
OF POOR QUALITY 










* 


on:c-”\ •••* 

OF F-QQii QUAi.iT Y 


Milt BtIMtNT RUMOtR* 1 


ROTOR PR 



ROTOR (ROTOR 1 I • 

OPBCOt 

331 1 . 

OPM 



4 PC 10 * 134 43 Mt» 

ACCtllRAT lOHi 


d:imciminti in civcn oiRtciiOR 


P O I A » II 

NUMOCR 1NCMKS 

T 

lNCMIt 

* 

1MCHIS 

TIM T ■ M 

RADIAN* 

RAOlANt 

i ni 

lADIAIt 

I 0 


000121400 

0 . 




O . ©0014 1 T9 
• . 00090444 
•0 . 09999 147 


0 909040 1 4 
0000042*7 
0 . 09004 >44 


O 00003443 
O . 00004473 
9 . 00094443 


9 0913004 1 
O 00044444 
9 . 0004403 1 


•O 00034434 
•0.00023443 
•9 00034440 


O . 0004444 t 
9 00094079 
0 09047344 


•9 99090493 
•9 . 00091 1 14 
>0 0000 1144 


-O 00003921 
•9 0900144 1 
9 . 90001443 


•O . 00001733 
•O . 00001744 
•O 00001404 


O 9000 1444 
900000333 
-0 00009307 


9.00940024 
9 90000014 


•0 00000347 
•0. 00000374 
-0 00400344 


0.00011342 O 00047267 
0 00013134 O 00034234 
O.COO14O90 0.00034144 


i. 

•0 . 00001430 


>. 

-0 . 00001437 

-099090237 


•0 0900 1944 

• 0 . #0000 1 IT 


>. 

0 . 00014*03 

-O 90004174 « 

9 . 

0 .00017340 

•0.00014441 C 

9 . 


0.00141437 4 

r rrmnn — rrwmrn — i 

9 . 

O . 0000371 4 

0.00070072 « 

0. 


0 OOOI3172 C 

4 . 


0 00043314 C 

r e wwm — rmun i 

» , 

0 . 09000103 

0 0003349* C 

9 . 

0 . 00004344 

0.00024231 < 

» . 


0 00004494 C 

r rnsnrn — Twwim i 

4. 


•0 00017047 

» . 

0 . 00004173 

•9 00032430 

jH 



n — : — 

o . oAo6t it* 

6 66137711 

» 



2. 

0.00001471 


9 . 


•0 . 00034793 


>0 ■ 9000 1 440 
-O ■ 00001444 
•« 00001724 


•0 ■ 90001494 
-O . 0000 1 437 
•O - OOOO 1447 


*0 00001724 
•0 OOOO 1734 
* O 0000 1907 


•O 00001473 
*0 . 00001403 
-O . OOOO 1410 


-O . 00001373 
*0 00001337 
-O . OOOOI 104 


•0 000901 it 
*0 . 090001 13 
•9 00990333 


•P 00090044 
-0-00000044 
•O . 00000043 


-O . 00000034 
-O . 00000037 
• 0 . 0000000 * 


000000023 
O . 00000044 
O . 00000044 


O 00000173 
O . 00900 1 73 
9 • 00000044 


VI 10 CIT 1 I 4 14 CtVtN OIRtCTION 
TMtTA- X 


•0.007412 


•0.007704 

0.002433 

•0 007477 

o . ooaooT 

•0.003740 

0.001447 

0 00 117* 

•0.001447 


O 077474 
O ■ 0407 1 • 
O 043447 


• O 044430 
-O 0 T 040 1 


•0,041311 

- 00340*4 

•0.031444 


-O 014447 
•0.044477 
-0.043402 


-O . 033443 
0.001341 
-O 02*477 


0.021310 
O 033949 
O 027040 


O . 033*44 
O . 034 141 


> . 

0 0074 1 9 

0 034711 < 

> , 

O . 024040 

0 034044 i 

) . 


-0 024414 < 


O 010403 
O 003041 
-O 00330* 


> . 

•O . 024440 

•0 012033 4 

1 . 

-O . 024074 

-0 014429 4 

1 . 

•O 002492 

•0 021417 4 


• 0 , 003044 
•Q 00373 1 
-0 . 00314 1 


-0.004344 
-O . 004442 
•O . 00*474 



0 000314 

•0 001 143 


0 . 000323 

•0.001312 


0 000304 

•0.001 447 



0 000200 



0 000270 

-0.001040 


0.000112 

•O . 0014BB 


• O . 000074 
•0 000940 
0 001047 


•0.0021 14 
• O . 002 1 1 1 
-O 000441 


1 . 

•0 000704 

-O . 000447 


•0 . 000704 

•0.000440 

I . 

•0 . 000IB4 

•0 . 000077 



•0.000109 

•0.001173 


•0.000144 

•0.901177 


•0 000434 

•0.00 1343 


0.019177 

O 024447 


•O 011324 
•© 049714 
O 040434 


-0.024347 
-0024021 
•9 033103 


O .014442 
0 004733 
•O 021433 


•0 . 000240 
-O 000114 
•e , ooo i b* 


• 0.002102 
• 0.002101 
•0 000120 


•O . 001424 

•0.001 too 
-O . 001442 


o.oeoitB 

0.000320 
-0 001477 


FORCIt C0NTRI4UTI0 tV THI tUBtVSTCH MOOI IH4PIS 
(POINTS ON PVION AND POINT* NOT ON MODAL t Utt Y 4 TKM4 ClCLUOfOl 
THtTA-I THITA-Y 


•4JO . 092 
0 000 


■72 790 
•94 . lit 


-401 . til 
■o OOO 


. 

7 104 

• . Oft 

. 

4 140 

1.001 

1 . 

• 404 

0 41} 1 


■343 . 137 
O OOO 


■44.491 
174 347 
194 4(0 


• 134 001 
O OOO 


34 021 
112431 

144 474 



4 . 970 

Ml 410 


3 032 

•14.141 


•1 107 

• 19 444 


"J'lTI 

*2.231 


•0 017 

0.014 


• 0 . 242 

•43 . 44$ 


-220 470 

243 010 

-144 033 

107 . 300 

- 1 044 

2t1.UI 

•ini 
• e . ooo 

•0.000 

044 744 

1131.710 






























I 

I 



256 


















ORIGINAL PAGE IS 
OF POOR QUALITY 


COOftDINOTt 


W« 1 CMT IP 


itimniiS 


CINIftAlI ZCD 
DAMPING VAt-UB 


CCNCRAL I XCO 


- O . OOO 11711 

0 102330 

444 

23 . 232 

r . 

• 10*1 

V4 

02 

9 . 

2 3401 

04 


•0 0040*4 

4 1 3 tl 

• *341 

02 

2.3*2* 

0* 


-0.00*131 

-3 Of* 

Mill 

O 1 

1 02 1( 

0* 

0 . 00001007 

-0 021002 

13 0*7 

1 03*1 

02 

7 7201 

0* 

-0 . 000003 1 2 

0 000* 1 3 

- 1 0(1 

• 002* 

01 

3 .017* 

00 


0 . 003*02 

-27 130 

1 . *14* 

02 

• 0*0* 

OO 


1 *3 

-O 0000014* 

D 400*10 

•0 23 1 

* 7231 

01 

3 . 7221 

OO 

•2 0401 

01 

0 . *00* 

41 

-0 . 00000022 

*0 . 0002* 1 

- 0*01 

3 1041 

02 

2 424* 

07 

• 1 . 2*21 

02 

•0.711* 

.1 «• 

•O . 00000027 

0 000177 

- 23 . 307 

7. 1431 

02 

• 077* 

07 

-2 .744* 

02 

O . 4000 



31 . 7*2* 


1 1 .3*0 1 


• 1* . 73*7 


*2 . 0*20 


1.0014 


3* *442 


10 

-0 . 00090043 

- 0 000070 

- 0 ooo 

3 *00* 

02 

1 *101 

07 

1 1 

•0 . oooooioo 

0.001013 

- 1* . 707 

1 10*K 

02 

O *002 

OO 

1 2 

•0 OOOOO 1 to 

• 0 . 000 1 1 7 

-33 007 

3 032* 

03 

2.7321 

07 


14 


0 . 0002 * 0 

-0 . 330 

• v 2 3 * 

01 

1 . *41* 07 i 

;• 

•0 0002077 1 

0 . 040727 

140.0*0 

• . *20* 

02 

0 . 1 

10 

O . 0000407 1 

© . 047732 

21 74* 

7 . 0*01 

03 

0 . 1 


to 

•0 .00010000 

0 . OOBO 1 3 

77 . OOO 

• . *24* 

02 

2 3*2* 

O* 

1* 

o . oooot*** 

-0 . 0200* 1 

12 . 232 

O.OOIf 

01 

1 . *20* 

0* 

30 

•0 . 00003470 

•0022031 

>3 40 1 

1 .0301 

02 

7 . 72' I 

OS 


20 



- 20 017 

2 0321 

02 

2 7321 

07 

27 

0 . 000003*0 

0. 000007 

70.144 

1 . 02*1 

02 

t . 1*7* 

•7 

20 

0 . 00000070 

0.0000*1 

13 . 047 

• . 0331 

01 

1 . *41* 

07 


O . OOO** 1 40 

- O 0000 1111 
0 00000440 


O 002 1 01 
- O 0030 41 
•O 0010)1 


t 0111 03 
1 .0070 03 
1 . 0001 OX 


1 . • 111 00 
4 7221 OO 


. S3 ft 01 
. 300 t 01 


0 . 0401 
-4.1413 

- 1 cm 


O . 0403 
IVItll 
10 . 0S74 


11.0111 
•17.04*3 
1 1 1 SO 7 


• 17 .0330 

-3.714 1 
O 3470 


• 1 . >020 
0.347* 
1 . 3133 


f till 

-20 . 0OS7 
• . 7000 
O 4341 


34 


-0 00024* 

1*12* 

1.1041 

02 

2 . 424* 

07 

- 1 3*3B 02 

‘0.4*20 

3* 

•0 0000004* 

•0.000010 

-43.41* 

7 . 143* 

02 

• .0771 

07 

•3.7441 02 

•0. *134 

30 

-0 . 0000000* 

0.00020! 

-1 *11 

1 . 403B 

02 

2 . 3001 

07 

-•■•271 01 

0. 1*04 


30 

•O 00011*0* 

O.O3B7B0 

3 1 0*7 

* #•>* 

02 

0 . 

o . 

14 . 120* 

3* 

'0.00003* 1 1 

-0.0*3700 

10.01* 

2 . 040* 

02 

o . 

o . 

11 . *4*4 

40 


0 00*7*0 

* 2 1 . 070 

1 .**71 

03 

? .out ot 

-*.*>•* 01 

* . 3*37 


1 0.00000003 

0 OOOOO 1 

3.003 

3 . 30*1 

02 

7 1 S B| 07 

•3.341* 03 

•0.0*10 

r o ooi*4oi* 

0.0074*1 

•220.032 

3 . 003* 

03 

0 . 

0 . 

•20.314* 


0 007 B 7 • 

13 3*7 

1 . 1301 

03 

0 . 

0 . 

•4 2247 


O . 00010042 
- O . 0000 1230 
0 00003040 


•0 0000*3 
O 0032*0 
0 034 0S4 


12.733 
-30 . 70S 

*02 07 1 


4.1101 03 
• till 03 
1 3071 03 


I.S 10 I Ot 
31011 OO 
* »> 1 » 0 * 


.3431 01 
■ 7 III 02 
2441 02 


•30 . *700 
1 .3704 
•O . 2444 


04 

0.0000104* 

•0 0040* 1 

43 174 2 . 0*21 

02 

2 740* 

0* 

• .21 IB 

01 

•2.2330 

0* 

0 00001*4* 

-0.014137 

OB 77* 3 *1*1 

02 

4*11* 

OO 

1 . IBlB 

• 2 

0 *001 

00 

•0 . 0000 1*03 

0 01 1007 

-07.014 3 7731 

03 

4 . 10(1 

OB 

1 . 23*1 

03 

0.0*10 


• 0 

0 

. 000007*2 

•0 . 007*3 1 

37 401 

* .01** 

02 

4 . *07* 

OO 

1 .0*00 

02 

-V. !»•■ 

0 1330 

25/ 

I* 

0 

. 00000724 

•060131) 

127 71 * 

0.2011 

02 

1.0101 

07 

3 . B 1 Bl 

02 

•0 . *010 

• 0 

•0 

> 00000402 

0.903320 

-214 7 • • 

1 .404* 

03 

B 04** 

07 

1 00*3 

03 

•4.3*13 



02 


0.000710 

-43 4 B * 

S . 4301 

• 2 

2*211 

07 

4 .24*3 

02 

-0 030* 

13 

• O OOOOO 1 * 1 

0.001021 

'•*.*•« 

1 004* 

01 

1 1111 

07 

* 4033 

02 

•0.0021 

• 4 

-0 . OOOOO 1 >7 

0 OOO* It 

* * B . *•• 

1 OIBK 

03 

7.004* 

07 

0 *41* 

02 

0 f»0©1 


- 0 . 000 1*0 
•0000404 


3.0441 1,3 
0 *431 ©I 


2 0041 07 
I till OO 


. 0201 02 
• •IB 02 














ORIGINAL PAGE SS 
OF POOR QUALITY 


ooooooe i 

OOOOQ 31 * 


0900001 1 

oooo i ati 

wmrn 

00010311 

00000*10 


00003* 10 
00001 11 * 


0 000131 
0 . 00000* 
•0 ■ 001 » 1 


0 . OOO IT 
0 O'-OSOO 
•O 0**|00 

VHIir 
O 00 * 13 * 
*0 01302 1 
O 00*3** 


•0 001*31 
*0 O 0 ** l « 

o oo 1*00 


• o .* o * 
*3 *1 * 
31* OpO 


-4 111 

•110 3*1 
3* 1.041 

— ^ rm ~ 

i i *» 
•01 100 

31 <3 1 


30P .01* 

-11 * 4 * 

• 1 Q 0 01 * 


3**31 03 
11111 01 
*.4011 01 


1 . 00*1 03 
3 . 4 l«t 01 
1.0011 01 
" H 1 H T 9 

•0001 03 

4 1 101 03 

0.11 U 03 


1 0*11 01 
1.0*31 01 
301*1 03 


4 . 1011 OT 
3. 4141 0* 
TOTOt 01 


4.3101 01 

« loot 00 

0 . 

“r 

a. oooi oo 
o not oo 

1. ion o* 


i not o* 
1 . 1*01 0 * 
4.01 It OO 


* 0*11 o: 
a out o 
o 0*01 o: 


1.0*41 o 
1 . 0411 0 


4.4111 O 
01411 0 
1 .1001 o 


1.3*11 0 

• mi r 

lllit o : 


04 

•0 


-0 00130!. 

•41.741 

1 . 4301 

03 

3 **3t 

0* 

• 1 311 

01 

S . 0**1 

*0 

-0 

. 0000 1114 

0 90 103 1 

*17 1*0 

3.0101 

03 

4 *071 

0* 

1 00*1 

01 

1.1*1* 

• • 

•O 


• 101 110 

0.3*11 

03 

1 *101 

07 

3.11*1 

01 

3 111* 


• 0 

O 00000130 


• 7 III 

1 4 011 

03 

* 1 1 31 

07 

1 0030 

03 

0 3*71 

*• 

0 000001*1 

0 000**7 

*0 *10 

• 4301 

03 

tint 

07 

4 14*1 

03 

•4 HU 

• 0 

9 000001*7 

O 0003*0 

111. 71* 

t 0041 

03 

• 133 1 

07 

• 4431 

03 

-0 « *04 


• 1 

•O . 00000044 

-0 00104* 

- 13 4* 1 

1.019* 

03 

1 47*1 

07 

1 vtst 

01 

- 1 . 10*4 

• 3 

0 . 0000004* 

0 OOO* * 4 

13 011 

1 0441 

Ol 

1 *04| 

07 

3 OlOK 

01 

O.lltt 

14 

•O . 000000*0 


-7 713 

• *471 

01 

■ ••IK 

Ot 

10*11 

01 

0 *017 


•00310 
0.9111 
11 14 11 

I 9111 

43110 * 
•0 Id 1 3 
•1 00*0 




T1M«» 

O . 021*1 



1 





ANGULAR D 1 1 PLACIHINT 


1 VIA Liil I Mi lJl l M Ui aMJU Laiiii 


ORItO* 134 * 3 . ROW 

ACCILVRAT I OH * 


0 I OR l AC t Ml RT$ IR OIVBN OIROCTION 


NUMOtR INCNIO 



O 00013*30 O . 0011401* 


O . 00000*41 0.001*0100 

0.00003001 0.000*0*13 

•0 0000 ** 0 * 0 . 0001**10 


0 0003*404 -0.0001*041 
0.00011*04 • O . 000 1 S3** 
0 . 0001*100 • O . 000 1 * 1*0 


•0.00001*40 0.000*4011 
• 0.00001100 0.00011010 
•0 0000*1*1 0.0000*03* 


•0.0000113* 0.000114*0 
-0.00004003 0.00030131 
-0.00003*04 0.0001*000 


0 00003400 •0.0000*0*0 
0.000001*0 -0.00031370 
0 00000*11 O 001*3311 


0 00000130 0.000710*0 
0.00901*30 0.00000073 
0 0000*0*7 O 000*4100 


0 000101*7. O . 00031*00 
0 00011074 0.000103*0 
0 0001*339 O . 0000 1*10 


0.0003110* -0.00011003 
0.0003*1*7 -O 00031103 
O 000114 ’ I -O 0001*034 

TWWin 6 " BBIU 9 I » 

0 . 00004 * 0 * 0 . 001003*1 
0 00004 i 33 O 000*0*0* 
0 0003*411 *0 0003300* 


«. . 00003*03 
•0 00001031 


- 0 . 0000011 * 

-O.OOOOOSIO 

•0.00900101 


-0.00001770 

•000001703 

•0.0000113* 


•0.0000173* 
•O . 00001130 
-O. 00001113 


•9.00001*13 

-0.000010*3 

.00003147 


-O . 00*030*4 
• 000001*11 
•000001*13 


•0.00001170 
•0.00001103 
• O . 0000 1001 


• 0.00001011 

•0.900014*7 

-O . 0000 1 4 « C 


•O . 000033*0 
•0.000023?? 
- O . 0900 I IOC 


9 000004*0 
0000003** 
•0.00000117 


• 0.00001100 

•0.00001347 

•0.0000134* 


•0.0000001 I 
• 0.00000000 
•0.0000013* 


•0 000001*4 
•0.009001** 
•O. 000003 0* 


•0.00000171 
•O. 90000111 
O 00000043 


•9 OOOOOOO* 
- 0.00000111 
O . 00000174 


•O . 00000341 
•O . 0000030* 
-O 0000013* 


-0.000003*1 
•O 00090401 
-O 0000041* 


0 0000013k 
0 00000131 
•0 0000043* 


VtlOCITIf* |N CIV IN D1RICTI0N 

X TN t T A • * THtTA-l 


* 






















OR:a^ 

IN/MC 

o . 

tl/ICC 
0 0*1*0* 

1M/2CC 
* t IftftOt 

IAO/ICC 

o 

**•/*« c 

•* 004*10 

RAO/0IC 

OF POOS 



* . 


•* .000*77 

* . 

•0 0*3307 

-0.0017** 

O 

0.000073 

0 OO 1 1 1 3 

5 I W)|« r 0*31 IV 1 

o . 

O *001*4 

0.003104 

* - 

o 

-O.OOO*** 
•o o*o**o 

* 00303* 

* 0030*4 , 

f T WIT » rWTTW 1 

* . 

•O 0007*0 


o . 
0 

•O 0000*4 
•0 000434 

O . 000*07 
* *007*0 

r TWTM 1 IWTI1 

o 


0.00*733 

o . 

•O 0001*7 

0.0**773 

0 . 

-O 00*104 

* OOO*** 

r • iiM» * Mini 

o . 

* 000043 

0.001*37 

o. 

o . 

O . 00004 1 
•0 00132* 

O 001*3* 
•0.0003** 



• ♦•713* 
O.OtIMI 

• •inn 


9 oinn 

• . 91«3IS 


• #w«n 

• twin 

• tonn 


-o 

••want 


• ttim 
t.wiut 
ft will* 


'ft ftWIlft 
-0.000*1* 
• O© 130ft 


PORCt* CR*TR I RuTtO IV TH| RUBtVSTIN Mill SHAPIS 
( *01 NTS II PVLOI AMI POIOT* MOT Ok WIDAL AUBSTlTCWS IXCLU030) 
TN3TA-R TNfTA-T TN37A-I 



ft 711 

Ml. HI 


12* .17* 
* OOO 


turn 

117. SO* 


7 . ft ** 
•O.OOO 

402014 
- 10 03* 
7*00.7 10 
I17I.III 


I*. *14 
- 111. *10 


•II* 471 
•0.000 


•II*. 777 
•3*2. 113 
•44* *07 


•422.00* 

•40*3*3 


•313 . 141 
-X4IO* 
-3 2**1* 
•341* 


■1 121 

1 3*0 

-4.7*0 

• III 

• • **3 

-*•30 


1110*71 
130* .0*4 
••*.4*3 


•1732.1*7 

-013 *13 
•41* .013 


if r. 

TNl polldwirs valmis 

All FOR 
TNI CL 

TNI TIPI 
•MINT III 

— r r *. t 

3 PNVSICAL CIRIICT I HI tLINHTft . 




lifWIRT 

HUM0C4 

RILAT1VB 

■IIPLACCMCIT 

1RCHIS 

ICAO 

•All 

1NCNIS 

1 RCNL * 

1-1*0 310* 

POINT POINT 

voice I* 
I INI 

-OURO* 

V II RICT ION 
J CIO 

PIRCI 1R 7 
1 IRI 

0 1 RICT I OR 
J 00" 
POURi* 

PIRCI 

WACRITWOI 

Pivoia 

• 

tn* for 

0.0001 

Cl* TNAT TNI 

0 3*00 
rvp* * p 

0 24*1 
NT* I CAL C 

1 21 

•RNCCTINC ILIMPMT 

o. 

0 . 

POINT 

O. 

o. 

o. 

■ miK 

5IWII TCI HI HI 

riruvi 

nor 


0* KRObRD 
PIRCI IN 

nrr^ 



*L|MCNT 

POINT 


■ V 


2 

TNI TA - V 

TNITA* I 




TNI KT2ISCI0IC PORCIf ACWM TNI ROTOR'*) ARf 
POL** MQWCRT Mill 


IUMMR 


Li-iitta 

IN-LI 

1 

1 

3* i*a i . 

1*1.031 



1.1*0 

-• ,033 

O . 1*4 

•1 3*4 

0.3*2 

0.017 


1 *12 

• 1 42* 

* 

07* 

1 27727 

•71.117 

• 14 

7*4 

1 *3440 

•17 1. ••• 

•32 

47* 


IT*. 


•0.7*7 

• 2*1 . 

-17.43* 

• 13 .**4 





















ORIGINAL PACE 59 
OF POOR QUALITY 


I 

1 


11 

f 


**•1 

III! 


•i* 111 
* 11.111 
•11 111 


• 1.111 

•MM 

* 11.111 















ORIQfKAL 










8.0 REFERENCES 


1. Gallardo, V. et al. , "Blade Loss Transient Dynamics Analysis, Task II,' 
NASA Ck 165373, Volume II, June 1981. 

2. Black, G.R. et al. , "Blade Loss Transient Dynamics Analysis, User's 
Manual for TETRA program," NASA CR 165373, Volume III, June 1981. 

3. Gallardo, V., "A Linear Whirl-Flutter Theory of an Elastically Supported 
Propeller with Flapping Blades," Masters' Thesis, Hartford Graduate 
Center, Rensselaer Polytechnic Institute, 1967. 

4. Hartog, J.P.D., Mechanical Vibrations , Third Edition, pp. 323, McGraw- 
Hill Book Co., Inc., 1947. 

5. Reed III, W.H. , "Review of Propeller-Rotor Whirl Flutter," NASA Technical 
Report, TR 12-264, July 1967. 

6. Adams, M.; Padovan, J. and Fertis, D.G., "Engine Dynamic Analysis With 

General Nonlinear Finite-Element Codes, Part I: Overall Approach and 

Development of Bearing Damper Element," (to be Published as NASA Report 
on Grant NSG-3283), 1980. 


262 



